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Three years ago it was suggested by one of us that the chorio- 
allantoic membrane of chick embryos might be serviceable as a 
sterile living culture medium for the study of bacterial infection.! 
Since that time we have had occasion to inoculate the membrane 
with a variety of bacteria in pure culture and to observe some 
of the effects that infection presents. Results of these initial 
studies seem to us worthy of record as a survey of the method, 
because they indicate the practicability of utilizing this living 
host for the propagation of pure cultures and for studying the 
interaction between the host and parasite under rather uniform 
conditions. 

The method of isolating and studying pure cultures of bacteria on 
dead media has yielded a great fund of information regarding the 
cultivable microorganisms, but one is often quite sure that prolonged 
or even brief growth of these pathogenic agents under such artificial 
conditions may alter in some way their disease-inducing potentiali- 
ties. For the preparation of vaccines the utilization of freshly iso- 
lated cultures has been emphasized; and a routine means for main- 
taining the immunizing qualities of a particular strain of bacteria is 
certainly desirable. If the infectiousness of a particular bacterium is 
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to be tested it must be introduced into a living host, and it is usually 
the terminal effects that are likely to offer themselves most readily 
for observation, so that the host-parasite relation during invasion 
remains obscure. The initial stages of infection are of great impor- 
tance in an understanding of the state of parasitism, yet by the usual 
methods the period of invasion and the early reaction of the host are 
not easily submitted to observation. 

Experimental animals that have maintained an independent exist- 
ence for an indefinite period under variable and complex conditions 
are not by any means to be considered, we believe, so uniform a liv- 
ing medium for the study of infection as an embryo and its tissues, 
which have not yet been subjected to the varying influences of 
bacterial infestation, protective responses, dietary changes, matura- 
tion and other incidents of independent life. 

With these and other considerations in mind we have undertaken 
to infect the embryonic chick membrane with several species of bac- 
teria in order to observe the course of events at the site of inoculation 
at various intervals, and to form a judgment as to some of the possi- 
bilities this technique might offer in the study of problems of bac- 
terial infection and host resistance. For this purpose we have used 
pure cultures of Staph. aureus, Sir. haemolyticus, Str. viridans, A. 
aerogenes, E. typhi, Br. abortus, C. diphtheriae, and Myco. tuberculosis 
avium. 

We have observed that all of these pathogenic bacteria, with the 
exception of Staph. aureus, Sir. haemolyticus and C. diphtheriae, are 
able to multiply within the protoplasm of the embryonic cells, 
utilizing those of mesodermal derivation or those of the epithelial 
layers, or both, for growth in the process of invasion. All of these 
microorganisms will grow extracellularly in the presence of necrosis 
but they do not seem to invade the living tissues except by means of 
viable cells as a vehicle. Phagocytosis under these circumstances in- 
stead of defending the host, offers an acceptable mechanism for in- 
vasion. Susceptibility of this host means at least in part the avail- 
ability of living cells as a medium for bacterial growth. Phagocyto- 
sis, aside from the physical problem involved, has thus an ambiguous 
significance. It may result in the destruction of the invader or it may 
provide it a hospitable reception. These and other problems are 
considered in the discussion. 
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TECHNIQUE 


The general technique employed has been described in a previous 
publication from this laboratory in a study of the cultivation of 
vaccinia virus.” In order to observe various stages in the progress of 
infection the “‘cover-slip”’ or “window” method has been used. 

Smears were routinely stained by Wright’s method and on occa- 
sion by that of Gram. Tissues were usually fixed in a modified 
Schaudinn’s fluid, consisting of 2 parts of saturated aqueous solution 
of corrosive sublimate and 1 part of 60 per cent alcohol. 

Microscopic sections were stained routinely by the hematoxylin- 
eosin method and by means of Wright’s stain. The method for the 
latter was as follows: Soloid tablets were dissolved in methyl alcohol 
(1 tablet to 10 cc.). Sixty drops, from a dropping bottle, of the stock 
solution were added to 100 cc. of distilled water. Sections were 
stained 2 to 3 hours by emersion in the fluid. They were differen- 
tiated rapidly in absolute ethyl] alcohol, cleared in xylol and mounted 
in cedar oil. Sections 4 yu thick, properly stained, give an excellent 
differentiation of both bacteria and cells. 


Staphylococcus aureus 


Strain I: Isolated from a human brain abscess by the blood agar 
plate method. For inoculating the membranes a 24 hour broth 
culture was employed and 1 drop of the broth from a capillary 
pipette was placed on each membrane of 6 14 day embryos. 

After 48 hours there was a slight gray exudative lesion at the site 
of the inoculation. Smears were made at intervals. Specimens were 
killed and fixed for histological study at 48, 72 and 96 hours. The 
remaining embryos lived to hatch about the 21st day of incubation. 

Only the membranal lesions were studied in the case of embryos 
inoculated with Staph. aureus. The embryos were not autopsied. 

Strain II: Isolated from a lung abscess in a child. A 24 hour 
broth culture was used to inoculate 4 14 day embryos with 1 drop 
each from a capillary pipette. After 24 hours there was massive 
growth of the organisms. At 48 hours 2 embryos were dead. The 
remaining 2 lived only a few hours longer. Transfers were made to 
other embryos by inoculating the membrane with a platinum loop 
of bacteria and exudate. Infection took place in the second genera- 
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tion killing the embryos in 48 hours. Abundant purulent exudate 
developed on the membranes. 

Strain III: Isolated from cutaneous lesions of a case of impetigo 
contagiosum. This strain was inoculated on the membrane of a 10 
day embryo in the form of a saline suspension of aspirated material 
from the human lesion in saline. For the inoculum o.2 cc. was used. 

After 24 hours there were four small white nodules in the inocu- 
lated area. After 48 hours there was graying, thickening and opacity 
of the membrane, which advanced along the blood vessels. At this 
time the lesion was removed and fixed for histological study. 

Small fragments of this membrane were used to inoculate 5 9 day 
embryos and culture media. Cultures yielded pure Staph. aureus, 
and after 4 days 3 embryos had died and 2 survived. 

Smears from the membranal lesions were made at intervals and 
stained by Gram’s and Wright’s methods. Smear preparations 
made from membranal exudate 24 hours after inoculation presented 
the following picture. 

Eosinophiles: The cellular exudate is abundant. The predomi- 
nant cell contains irregular eosinophilic granules. No definite rod 
shaped granules are seen. These eosinophilic cells are of two chief 
varieties, a smaller polymorphonuclear cell and a larger mononu- 
clear cell. They are interpreted to be polymorphonuclear leukocytes 
and myelocytes respectively. The eosinophilic granular material 
appears to be unstable. The granules vary greatly in size and seem 
to fuse. In some cells that contain bacteria the eosinophilic material 
has completely disappeared; in others it seems to have dissolved or 
liquefied and flowed about, or adhered to the bacteria, so that the 
staining effect suggests a thin coating of the cocci by this material. 
In relatively few instances does one find discrete eosinophilic granules 
and cocci in the same cell. 

Mononuclears: The second most numerous cell is a mononuclear, 
non-granular leukocyte with round, oval or indented nucleus and 
abundant basophilic cytoplasm. The cytoplasm commonly has an 
irregular or scalloped margin with the protrusion of pseudopods of 
cytoplasm. The cytoplasm of these cells is characteristically vacuo- 
lated. The vacuoles in the smaller cells are round and sharply de- 
fined, varying in size. In the larger cells the vacuoles are larger and 
more indefinite in outline. Cells similar to these sometimes contain 
a few basophilic granules. 
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Bacteria and Phagocytosis: Numerous cocci are present mostly 
within cells. The polymorphonuclears are responsible at this stage 
for the greatest phagocytic activity. Within the leukocytes the cocci 
are commonly very faintly staining and smaller than normal, as if 
undergoing degeneration. With them one often sees a few deeply 
staining (blue) forms which seem unaffected. Small groups of cocci 
are extracellular. Occasional large mononuclears have engulfed 
other cells. 

Microscopic Sections 48 Hours After Inoculation: Purulent exu- 
date, in which discrete colonies of cocci are embedded, is abundant. 
The exudate is fusing and becoming hyalinized next to the epithelial 
layer. A few pustules are situated within the epithelial layer. 

Where the surface is ulcerated the exudate lies on a granulating 
membrane and there is a layer of foreign body giant cells which 
almost completely separates the two. Polymorphonuclears are for 
the most part eosinophilic, but no distinct rod shaped granules are 
seen. Myelocytes are proliferating in the thickened membrane. 
Fibroblasts beneath the epithelium and exudate are hyperplastic. 


Comment: 


Staph. aureus grows abundantly on the surface of the membrane, 
usually forming a discrete focus at the site of inoculation which tends 
in 2 or 3 days to become definitely circumscribed and reduced in 
diameter by contraction of the membrane. The cocci usually remain 
localized in the form of discrete rounded colonies embedded in the 
exudate, except where the membrane becomes necrotic. Over the 
necrotic area a film of growth is present. 

Growth of the microorganism is characteristically extracellular, . 
and superficial necrosis of epithelium results. The cocci are readily 
phagocytosed by polymorphonuclear leukocytes, and to a less ex- 
tent by large mononuclear cells. Many phagocytosed cocci undergo 
degeneration within the cytoplasm of phagocytes and there is no 
evidence of a tendency to reproduce within the cytoplasmic medium. 
Phagocytosis, however, is not the only and probably not the chief 
mechanism that resists invasion of the tissues. Colonies of cocci 
become surrounded by an exudate, the cells of which fuse and form 
what appears to be an impenetrable barrier about them. Under 
these conditions the cocci are held in check and undergo degenera- 
tive changes. 
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The leukocytic exudate incorporating the cocci is also walled off 
from the underlying tissue by a solid barrier of giant cells, beneath 
which regeneration of fibroblasts and epithelial cells progresses. 


Streptococcus haemolyticus 


Strain I: A stock strain that has been maintained on artificial 
media 15 to 20 years. Isolated originally from a case of cellulitis at 
the Children’s Hospital, Boston, Mass. 

Inoculations were made by dropping 1 capillary drop of a 24 hour 
infusion broth culture onto the exposed embryonic membrane of 12 
to 14 day old chick embryos. 

At 24 hours after inoculation the membranes usually showed 
small, very thin, grayish white plaques of exudate over the inocu- 
lated surface. During this interval the organism had grown freely 
in chains from 4 to 14 units in length. The exudate containing the 
cocci could be easily picked up with a loop from the surface of the 
membrane. Smears made at 24 hours show free growth of the bac- 
teria. There are red blood cells, and a leukocytic reaction in which 
polymorphonuclear eosinophiles predominate. These cells, how- 
ever, do not readily phagocytose the cocci. A few mononuclear 
leukocytes may be present at this stage and may exhibit a slight 
degree of phagocytosis. 

During the next 24 hours the gross lesion becomes thicker and 
more widely spread, often covering an area 8-10 mm. square. The 
lesion displays an opacity which tends to be cream colored. Its 
surface is moist. The organism has continued to grow. Smears 
show definite increase in the number of leukocytes. Polymorphonu- 
clears are still present in large numbers but the increase in number 
and in the proportion of mononuclears is noticeable. In contrast to 
the absence of phagocytosis by the polymorphonuclears, the mono- 
nuclears may be actively phagocytozing the streptococci. 

At from 48-72 hours after inoculation the lesion becomes local- 
ized. The margin of reaction is usually clearly outlined. The lesion 
becomes thicker and of a pus-like consistence and color. The ap- 
pearance of the 72 hour lesion indicates whether or not the embryo 
is successfully combatting or succumbing to the invasion. Smears 
stained by Wright’s method show an exudate made up almost en- 
tirely of large mononuclear leukocytes. There are a few inactive 
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polymorphonuclears and a few clasmatocytes active in engulfing 
débris. The mononuclears may have almost completely taken up 
the streptococci by phagocytosis or there may still be a good number 
of viable extracellular forms. In any case the mononuclears often 
become so filled with bacteria that the nuclei assume a thin crescent 
shape against the cell wall. Within the mononuclears the strepto- 
cocci undergo notable degeneration. Different degrees may be dem- 
onstrated in one cell. Degeneration of bacterial cells is indicated by 
their pale blue to pale pink, shadowy and very small forms in con- 
trast to the deep blue color of the normal cocci. 

Shortly after 72 hours the lesion on the membrane which is over- 
coming the infection begins to dry. It becomes thick, wrinkled and 
scab-like. From 96 hours on, the process is one of apparent healing. 
Smears from a dry membrane are unsatisfactory but the organism is 
rarely if ever lost sight of completely. The organism will always 
grow out when bits of the lesion are inoculated onto a blood plate 
or into broth. 

During experimentation with this strain 75 eggs were inoculated 
and observed. Transfers were made through five generations. Ma- 
terial from an infected membrane was plated out on blood agar. A 
broth tube was inoculated from the plate, and the 24 hour broth cul- 
ture inoculated onto the embryonic membrane to give the next 
membranal generation. 

A group of 10 embryos inoculated as described gives a represen- 
tative mortality rate. One embryo was dead at 24 hours, an addi- 
tional one at 48 hours, and 2 others at 96 hours. It is not unusual 
for embryos inoculated on the 13th or 14th day of incubation to 
hatch. Nor is it unusual for the embryo to die on the day it is due to 
hatch. Chicks that hatch are weak and gain strength slowly. Out of 
11 hatched chicks autopsied at intervals of from 1 to 7 days, seven 
heart-blood cultures were positive for the presence of streptococcus. 
The organism was recovered from four spleens. Five of 6 embryos 
autopsied before hatching yielded the organism from the heart’s 
blood. 

An experiment involving rapid transfer of streptococcus directly 
from egg to egg was carried out. Transfers by loop from membrane 
to membrane were made at 24 hour intervals through thirteen suc- 
cessive passages. It was observed that younger embryos (10-12 
days) offered a medium less resistant to growth of the organism than 
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older ones. There was no apparent change in cultural characteris- 
tics or pathogenicity of the strain after these rapid passages or after 
the slower passages. 

Strain II: This strain was isolated April 4, 1935, from the heart’s 
blood from a case of streptococcic arthritis of both knee joints with 
concurrent streptococcic septicemia. The cocci are very small, 
definitely hemolytic, and grow in long chains. One capillary drop 
of 24 hour infusion broth culture was used for the inoculum. 

The lesion produced by this strain develops somewhat more 
rapidly than that induced by the stock strain. The gross lesion at 
24 hours is indicated by a grayish white exudate which rapidly 
progresses into a widely spread, thick moist purulence with only a 
slight tendency to localize. From 48-72 hours the exudate takes on 
a grayish ochre color, remains moist and sticky, and may develop a 
necrotic center. Except in two or three instances where only a slight 
infection was induced there was little tendency for the membrane 
to dry and heal with scab-like formation. 

The behavior of the organism is comparable to that of the stock 
strain. It grows rapidly during the first 24 hours on the membrane 
and if the embryo is not killed many streptococci are phagocytosed 
by, and undergo degeneration within, mononuclears. 

The most pronounced difference between the two strains is the 
lytic effect which Strain II exerts on the red blood cells and the 
leukocytes. Even at 24 hours the red blood cells are considerably 
hemolyzed. As the lesion develops smears show many fragmented 
nuclei. The behavior of the leukocytes is essentially the same as 
with the stock strain, i.e. appearance of polymorphonuclears fol- 
lowed more rapidly by mononuclears, phagocytosis and degenera- 
tion of cocci within the cytoplasm of mononuclears. Active mitotic 
division of mononuclears and the presence of a good many mye- 
locytes are noticeable in these smears. 

In comparison with Strain I the mortality rate is decidedly 
higher with Strain II and its power to invade the embryo more pro- 
nounced. Forty-one embryos were inoculated at different times 
with this strain. Twenty-two of these were dead at 48 hours. A 
number of embryos were killed for sections. Only 1 chick actually 
hatched. Blood cultures from this and from the hearts of 8 live 
embryos autopsied at different hour intervals were all positive for 
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Str. haemolyticus. Five spleens were cultured and each was posi- 
tive for Str. haemolyticus. 

This strain was carried through three generations on the mem- 
brane. The filtrate of a 24 hour broth culture was used to inoculate 
10 14 day embryos and 2 12 day embryos in amounts varying from 
1 capillary drop to 0.5 cc. No gross membranal lesions developed. 
As judged by smears, leukocytic reaction was questionably stimu- 
lated. All these embryos lived to hatch. 

Strains III and IV: “Todd” and “sputum” strains were ob- 
tained from Dr. H. M. Powell, Eli Lilly Laboratory. The virulence 
of these strains had been raised until one millionth of 1 cc. of a 24 
hour broth culture was fatal for mice. Inoculums in various experi- 
ments consisted of 1 capillary drop of an undiluted 24 hour broth 
culture; 1 capillary drop 1:5 dilution 24 hour broth culture; and 
1 capillary drop 1:10 dilution. 

All embryos inoculated with these strains died within 48 hours. 
They usually survived 24 hours. The ‘“‘Todd” strain grew better on 
the membrane than the “sputum”’ strain. The latter strain killed 
the embryos more quickly. In one instance 3 of 5 embryos inocu- 
lated with “sputum” strain were dead at 18 hours. The membranes 
tended to appear bloody. Leukocytes were present in smears. 


Comment: 


Sections of the membrane of resistant embryos show an abundant 
superficial growth of streptococci forming a more or less continuous 
sheet or film. This bacterial membrane tends to become surrounded 
by cellular exudate which fuses to form a hyalinized zone. Thus 
encapsulated many cocci undergo degeneration. Str. haemol+yticus 
tends to cause necrosis of the membrane in the central portion of the 
inoculated area and the bacteria grow abundantly on the necrotic 
surface. 

There is little or no evidence of direct invasion of the embryonic 
tissues in sections of infected membranes. That the cocci do gain 
access to the embryo is evident from positive blood and spleen cul- 
tures. Microscopic examination of embryonic organs has shown no 
evidence of bacterial infection. However, in partially autolysed or- 
gans of dead embryos streptococci are often abundant in blood ves- 
sels, especially of the hepatic sinuses, representing postmortem 
growth. The bacteria are extracellular. 
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Smear preparations show that Sér. haemolyticus is especially 
phagocytosed by mononuclear cells rather than by polymorphonu- 
clears. Within the mononuclears they rapidly undergo degenerative 
changes, becoming very small granules which are eosinophilic rather 
than basophilic in their staining reaction, and which tend to become 
Gram-negative. Some of these mononuclear phagocytes containing 
a group of small forms with a few larger basophilic cocci remind one 
of the inclusions seen in smears from inclusion blennorrhea. 

It seems evident that Str. haemolyticus grows by preference on the 
surface of the ulcerated membrane and on necrotic tissue. There 
is no evidence that it proliferates within cells of the exudate or in 
the tissues of the host, although it may remain viable in the body of 
the living embryo. In these respects it resembles Staph. aureus. 
The leukocytic cytoplasm, especially that of mononuclears, is capa- 
ble of destroying the cocci. 


Streptococcus viridans 


Only one strain of this microorganism was used. It was isolated 

at Vanderbilt Hospital, June, 1935, from the blood stream of a 
patient with endocarditis. The cocci are small and grow in extremely 
long chains. The inoculum consisted of 1 capillary drop of a 24 
hour broth culture. 
: ae The first grossly evident change on the membrane is the appear- 
: ance of hemorrhage or patches of free blood on the surface. Smears 
show the presence of leukocytes in this bloody fluid. The organism 
may grow riotously but it does not grow well on the membrane as 
consistently as do the hemolytic strains of streptococcus. The gross 
lesion does not progress to any remarkable degree. The thin bloody 
exudate dries and becomes closely adherent to the surface of the 
membrane. Although in several instances the cocci did not appear 
to grow well, in others there was an abundant growth almost en- 
tirely confined to the interior of mononuclear leukocytes. These 
cells were filled to the point of rupture with well preserved, deep 
blue staining cocci, which showed little or no evidence of intra- 
cellular degeneration. 

The mortality rate is low. Pure cultures of streptococcus were 
obtained from 6 of 7 blood cultures taken from live embryos at 
autopsy. Only one spleen was cultured and it was negative. Five 
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hatched chicks were autopsied. The organism was recovered from 
the blood stream of each. 
The strain was carried through four generations on membranes. 


Comment: 


Although relatively few experimental inoculations were per- 
formed with Str. viridans as compared with Str. haemolyticus cer- 
tain very evident distinctions appear in the infective process. Inocu- 
lations with Str. viridans do not lead as frequently to extensive 
lesions on the membrane as do those with Str. haemolyticus, nor is 
the inflammatory reaction so abundant usually. In 2 cases, however, 
from a limited series in which smears and sections of the membrane 
were made, a mechanism of invasion was evident which did not 
appear in any case with four different strains of Sir. haemolyticus. 
There was a rich mononuclear exudate on the ulcerated surface of 
the membrane and smears showed that the cocci were growing abun- 
dantly and rapidly within the cytoplasm of these cells, with little 
or no evidence of degenerative change either of the cells or of the 
bacteria. The cocci also grew extracellularly in a sheet on the sur- 
face, but not so numerously as did Sir. haemolyticus; and having 
become encapsulated by hyalinized cells they underwent degenera- 
tive changes. 

Sections of such an infected membrane show a remarkable in- 
vasion of the mesodermal tissue. There is little inflammatory exu- 
date deep in the mesoderm, but beneath and to the side of the sur- 
face infection streptococci are growing wildly within the wandering 
mononuclear cells and in the fixed fibroblasts. There is no certain 
evidence that growth is taking place in the intercellular tissues. 
The cytoplasm of macrophages and of fibroblasts is often filled with 
rounded groups of cocci; and in places where fibroblasts are in- 
fected there is no evidence of cellular injury or inflammatory reac- 
tion. No cocci are found in ectodermal and entodermal epithelium. 

The capacity of growth of this strain of Str. viridans within the 
cytoplasm of mesodermal cells is seen also in sections of the embry- 
onic organs in these cases. Kupffer cells of the liver of an embryo, 
killed for microscopic study, are filled with cocci; the serosal cells 
of the peritoneum are solidly packed with them, forming a blue 
lining to abdominal organs in preparations colored with Wright’s 
stain. Many glomerular tufts of the kidney are distended with 
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cells containing the microorganisms and the perirenal tissues con- 
tain abundant collections of macrophages loaded with them. There 
is little or no necrosis and no inflammatory reaction. 

It is evident that Str. viridans under suitable circumstances will 
invade the tissues of the chick embryo by growing within the cyto- 
plasm of mesodermal cells, including macrophages. It appears from 
sections of the membrane that extension of infection to deep con- 
nective tissue can take place directly by growth from one fibro- 
blast to another. 

Phagocytosis, under these circumstances, instead of hindering 
favors tremendously invasion of the host. 


Aerobacter aerogenes 


Strain 884, American Type Culture, fecal strain isolated in China, 
was used for the inoculations. 

Primary inoculations on 13 day embryos were made with 2 capil- 
lary drops of a turbid water suspension in some instances, and in 
others with 2 capillary drops of a 24 hour broth culture. The strain 
was maintained from the second through the eighth generation by 
loop transfers of material from membrane to membrane at 72-96 
hour intervals. Growth of this organism can be easily maintained 
in this way. The manner of leukocytic reaction is the same as in 
coccus infections, although the quantitative leukocytic response 
falls below that to streptococci. Phagocytosis is evident and be- 
comes pronounced when an old culture is used. At the third or 
fourth transfer the strain becomes established at a rapidly growing 
vegetative level. Long slender forms as well as coccoid forms then 
fail to appear. 

After inoculation with an active culture the membrane becomes 
cloudy with bacterial growth. On a moist membrane the fluid be- 
comes turbid. There are leukocytes present. After a small inocula- 
tion or an inoculation with an old culture the leukocytic reaction is 
rapid and abundant. Practically all the organisms are phagocytosed 
and a formidable localized exudative lesion develops. 

Approximately 50 membranes were inoculated with A. aerogenes. 
No embryos died before 36 hours. The highest mortality was be- 
tween 48-72 hours. Twenty to 25 per cent survive 72 hours and one 
may expect a very small percentage to hatch. 
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A strain of A. aerogenes isolated from a case of granuloma in- 
guinale behaved through two generations in the same manner as 
the stock strain. 

Smears and Microscopic sections: There is massive bacterial 
growth on the surface of the lesion, and necrosis as well as ulcera- 
tion of the membrane frequently occurs at the center. Beneath the 
bacterial layer is a zone of cellular exudate which in turn is walled 
off from the deeper tissues by a layer of giant cells. 

Smears from the exudate in the early stages of infection show an 
abundance of intracellular bacilli, especially in mononuclears. While 
some variations in form of the incorporated bacteria appear, it 
seems evident from the number of microorganisms present and the 
absence of evidences of degeneration that these bacilli are capable 
of energetic growth within the cytoplasm of these cells. This judg- 
ment is supported by microscopic sections, not only of the mem- 
branes but of internal organs of the embryo as well. In 1 mem- 
brane the bacilli have undermined the entodermal epithelium and 
have invaded and grown profusely within the cytoplasm of these 
cells. In another embryo there was a focal necrosis of the brain in 
which mononuclear cells were filled with bacilli evidently growing 
there. In this case also there was an extensive infection of the lung 
with profuse growth of bacilli within epithelial cells of pulmonary 
alveoli and bronchioles. 

The cells in which bacilli are incorporated and growing usually 
show little evidence of damage except changes in form due to the 
volume of bacteria and associated vacuolation. There is little necro- 
sis and practically no inflammation. 


Comment: 


A. aerogenes grows profusely on the membrane extracellularly 
causing ulceration and necrosis. In the deeper tissues and internal 
organs evidences of growth are found only within the cytoplasm of 
cells, the mononuclear leukocytes and entodermal epithelium. It 
seems obvious in these cases that phagocytosis by mononuclear 
leukocytes favors rather than retards growth and invasion. Inter- 
nally, continuation of growth and invasion seem to depend entirely 
on incorporation of the microorganism by cells, especially those of 
entodermal epithelium. 
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Eberthella typhi 


A stock strain isolated at Vanderbilt University in 1934 was used 
for inoculation. The inoculums in various experiments consisted 
of 1 capillary drop of 24 hour broth culture, 1 loop of 24 hour broth 
culture, and 1 capillary drop of 24 hour broth culture diluted 2:3 
with sterile NaCl solution. 

An inoculation of 1 capillary drop of 24 hour broth culture pro- 
duces a condition in which the bacilli grow riotously. Massive 
growth of the organism is visible grossly. There is very slight 
leukocytic reaction and rapid mortality. A series of 14 embryos 
thus inoculated gave a death rate of 4 at 18 hours, 4 others at 48 
hours, and all before 72 hours. Another series gave some survivals 
through 96 hours. 

Embryos inoculated with 1 loop of a 24 hour broth culture per- 
mit only a very slight growth of the organism with an abundant 
leukocytic reaction (polymorphonuclears followed by mononuclears). 
One smear in which the microorganism was lost sight of showed a 
moderate mononuclear reaction at 96 hours. Of 6 thus inoculated, 
2 lived to the day of hatching; 2 others were killed for histological 
sections. The same reaction and mortality rate occurred when an 
old culture was used for inoculation. One of these chicks hatched. 

The most pronounced lesions were produced by the inoculation of 
1 capillary drop of 2:3 dilution of 24 hour broth culture. Only 1 of 
18 was dead at 24 hours. Blood vessels were thrombosed and there 
was extensive growth of the microorganism. At 72 hours 8 of the 
18 were alive. The lesions were expansive. Several were exten- 
sively necrotic and of a muddy color. There were many bacilli and 
necrotic cells in smears. A few lesions tended to localize without 
much necrosis. These localized lesions were grossly comparable to 
those of A. aerogenes. Of 18 embryos, 3 lived to the 5th day and 1 
to the 6th day. Several were killed for sections. 

Material from this series was transferred to other eggs and the 
bacillus was maintained with ease through four generations. Bacilli 
grew rapidly at each transfer and it is concluded that the strain 
could be carried on indefinitely from membrane to membrane. 

Blood cultures were taken at four autopsies. Each was positive 
for Gram-negative bacilli, as were 3 cultures made from one gall- 
bladder. 
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On the whole the hearts at autopsy were pale and flabby. A few 
of the spleens were enlarged. The kidneys were swollen. One au- 
topsy revealed a milky pericardial fluid, and smears showed lympho- 
cytic and monocytic exudate. 

Microscopic Sections and Smears: E. typhi grows rapidly and 
abundantly on the inoculated membrane causing ulceration and 
usually an extensive necrosis of the central portion of the lesion. Its 
growth is more injurious to the membrane than that of any other 
bacterium studied. Internal organs show evidence of damage, es- 
pecially the kidneys, which are grossly swollen and show cloudy 
swelling and colloid degeneration of tubular epithelium micro- 
scopically. 

In sections as well as smears there is some polymorphonuclear 
response early, but mononuclears are usually predominant. Within 
the mesoderm of the membrane, both fixed fibroblasts and mononu- 
clear cells are extensively vacuolated, irregular in outline and dis- 
oriented. This suggests injury by soluble poisons. 

There is very little phagocytosis of these microorganisms evident 
either in smears or sections. The leukocytes seem to be injured. 
There is no evidence that E. typhi grows within the cytoplasm of the 
cells of the exudate. Mesoderm of the membrane shows no direct 
invasion by bacilli except in areas of necrosis where the bacteria 
grow abundantly. 

It is of great interest to observe, however, in 3 cases out of 5 which 
were studied histologically that entodermal epithelium becomes 
focally invaded by the bacilli; and under these circumstances irregu- 
larly rounded intracytoplasmic masses of these organisms appear 
surrounded by a halo. The intracellular bacilli seem to stick to- 
gether, although the individual forms can be resolved under the 
microscope. When the growth reaches a certain size the cell becomes 
vacuolated as if it could easily rupture. These focal areas may be 
quite extensive and they are not associated with evident extracellu- 
lar bacterial growth in the neighborhood of the foci of infection. 
These intracellular masses of bacilli evidently represent intracyto- 
plasmic growth of E. typhi in this tissue, although the mechanism of 
entrance into the cells does not appear. The incorporated bacilli 
are much smaller than those growing extracellularly on the ulcer- 
ated or necrotic surfaces. In one instance a focus of similar infec- 
tion in ectodermal epithelium was found. 
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Examination of internal organs and tissues of several embryos has 
shown no evidence of bacterial growth, although cultures from blood 
and bile have yielded positive growth. 


Comment: 


No other bacterium studied has exhibited this type of cellular 
invasion and growth. Entodermal epithelium appears to be es- 
pecially susceptible and this constitutes a possible intracellular 
medium for growth, protection and extension of the infecting ba- 
cillus. 

One may judge from the appearance of the microscopic picture 
that growth of E. typhi on the membrane is associated with the ab- 
sorption of potent injurious substances. It is of interest that the 
rate of the heart beat of the infected embryo decreases, and the 
myocardium becomes quite pale. Degenerative changes in paren- 
chymatous organs are likewise indicative of severe intoxication. 


Brucella (alkaligenes) abortus 


This culture of Br. abortus came originally from the Hygienic 
Laboratory, Washington, D.C. The artificial medium used for 
culturing the bacilli has been a Russell’s agar slant without an 
indicator. 

Six 14 day embryos were inoculated with 1 capillary drop of a 
turbid saline suspension of a 48 hour slant culture. There was very 
little gross lesion noticeable after 24 hours. A smear at this interval 
gave little evidence of bacterial growth. At 96 hours the mem- 
branes were thickened and extensively cloudy. With the exception 
of one small focus on 1 membrane there was no noticeable exudative 
reaction. A smear at 96 hours showed intracellular growth of the 
organism within ectodermal epithelium. One embryo bearing the 
localized focus of exudate lived into the 7th day. The amount of 
exudate increased slightly. The reaction was almost completely a 
mononuclear one. 

A second generation of the bacillus on membranes was initiated 
by inoculation with bits of tissue from a live membrane at the 96 
hour stage. At 48 hours the lesions of the second generation were 
more localized and more exudative than the first generation lesions. 
The exudate was moist, sticky and mononuclear. Very few organ- 
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isms were found in smears. One embryo was dead at 48 hours; an- 
other was dead at 4 days; and 1 lived to the day of hatching. 

Another second generation series of 6 embryos received 1 and 2 
capillary drops of a suspension of organisms cultured on a slant from 
a first generation membrane. The 48 hour lesions were moist, 
radiating and exudative. Smears showed bacterial growth outside 
as well as inside the cells. All embryos were dead at 5 days. 


Comment: 


Infection of the chick membrane with Br. abortus leads to rela- 
tively little inflammatory exudation. The bacilli enter ectodermal 
epithelial cells and proliferate there, as they do in chorionic epithe- 
lium of the calf.* If a cellular exudate occurs it is predominantly a 
mononuclear one, and the bacilli after entering these may grow 
abundantly. 

Br. abortus penetrates the membrane, and a very characteristic 
lesion in microscopic sections is the presence of small nodules con- 
sisting of proliferated fibroblasts. In these cells it is possible to 
demonstrate in some preparations the presence of bacilli. The bac- 
teria do not apparently gain entrance to entodermal epithelium, and 
no lesions or microorganisms have been found in internal organs. 

In the dead embryo, and in case an area of necrosis of the mem- 
brane is present, Br. abortus grows abundantly extracellularly in the 
neighborhood of dead cells. 

From these observations it appears that Br. abortus invades the 
host by virtue of its ability to maintain viability and to multiply 
within the cytoplasm of cells. Both ectodermal epithelium and 
mesodermal cells (large mononuclear cells and fibroblasts) serve as 
suitable media for invasion and propagation. 


Mycobacterium tuberculosis avium 


Our strain was isolated in this laboratory Jan. 24, 1934, from the 
liver of a fowl brought in for examination. A very turbid suspen- 
sion of growth from a Petragagni slant was inoculated in 1 capillary 
drop amounts onto membranes of 6 and 8 day embryos. One series 
of 14 day embryos received 2 capillary drops. 

Six day embryos did not survive for more than 4 days. There is 
no noticeable gross lesion at 24 hrs. At 48 hours membranes appear 
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thickened, clear and gelatinous. Throughout their development 
the lesions are noticeably in, rather than on, the membranes. After 
4-5 days the membranes are dry with a few nodular foci. After 
96 hours it is difficult to get material, either cells or bacilli, for a sat- 
isfactory smear. At 24 hours there is an increase in polymorphonu- 
clears and a few mononuclears. Both kinds of leukocytes show 
phagocytosis. At 48 hours there is a decided increase in the number 
of mononuclears and probably giant cell formation. There is phago- 
cytosis of polymorphonuclears containing acid-fast bacilli by clas- 
matocytes. Smears demonstrate an increased number of bacilli 
within phagocytes through 72 hours. 

Loop transfers to another membrane failed to produce a grossly 
visible infection. Other methods of transfer were not tried. 

The mortality of embryos is negligible. Almost all the embryos 
live until they are due to hatch. During the course of observation 
the embryos are strong and active. A number of embryos that 
pipped the shells were unable to hatch completely. Three chicks 
hatched, 1 of which died soon afterward. Two were observed for 
several days. The chicks were weak from the beginning. They 
continued to weaken to prostration. One was autopsied 3 days 
after hatching. Smears from a peritoneal fluid showed acid-fast 
bacilli, but contamination was too great for culture. Another chick 
was autopsied 5 days after hatching. No abnormal peritoneal fluid 
was found and smears were negative. 

The organism was never recovered from spleens or livers. No 
gross lesions appeared in the internal organs. 


Comment: 


M yco. tuberculosis avium gains access readily to the mesodermal 
cells of the inoculated membrane. There is very little inflammatory 
exudate on the surface, but sections stained to demonstrate acid- 
fast bacteria show multiple foci within the mesodermal tissue com- 
posed of large mononuclear cells, many of which are loaded with 
bacilli; there is a proliferation of fibroblasts and these cells like- 
wise contain within their cytoplasm varying numbers of bacilli. No 
extracellular groups of bacilli are evident. 

The interesting feature of this dissemination of acid-fast bacilli 
is the fact that cells having all the characteristics of fibroblasts and 
far removed from the larger foci of bacilli contain within their cyto- 
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plasm considerable numbers of the microorganism. This dissemina- 
tion simulates that which occurs in infection of the membrane by 
Str. viridans and Br. abortus, although there is no indubitable evi- 
dence of growth. 

The short period of observation allowed by the incubating eggs 
does not permit proof of intracellular growth cf Myco. tuberculosis, 
although the evidence indicates that these microorganisms have 
multiplied within the large mononuclears. Invasion is certainly 
through intracellular channels. 

The bacilli may gain entrance to the interior of the embryo, even 
within a short time; for a few microorganisms were found in sec- 
tions from 1 case in Kupffer cells of the liver. 


Corynebacterium diphtheriae 


Strain I: Isolated from the heart’s blood of a case of acute vege- 
tative mitral endocarditis (C. diphtheriae).4 

Primary culture of the organism in broth was granular. The 
granules settled to the bottom of the tube leaving a clear super- 
natant broth. The organisms were short, irregularly shaped bacilli. 
Often very short rods would be rounded at one end and pointed at 
the other. Cytoplasm of the bacilli tended to stain diffusely. Inocu- 
lation of this short irregular bacillus to membranes gave in 24 hours 
long slender, club shaped rods with metachromatic granules. The 
embryos were noticeably sick at 24 hours and all dead before 48 
hours. By careful rapid transfers on proteose peptone broth the 
organism was easily induced to grow on the surface of liquid medium 
with the formation of a very heavy pellicle. For inoculums in vari- 
ous experiments the following were used: 1 capillary drop of 24 
hour broth culture; 1 capillary drop of clear broth drawn from be- 
neath the pellicle of growth; small amounts of growth taken from 
the surface of pellicle; and 1 capillary drop of 1:200 dilution of 
shaken broth culture. In every case the embryos were dead before 
48 hours and in only a few cases did embryos live past 24 hours. 

The bacilli grow abundantly on the surface of the membranes in 
colony formation. Plaques of growth are rounded, flat, overlapping, 
and noticeably not adherent to the membranes. There is massive 
growth of the organism with very little leukocytic reaction. 

Transfers of the organisms from membrane to membrane at 24 
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hour intervals were made through ten generations. The morphology 
and character of the growth remained unchanged. Change in patho- 
genicity was not detected. During this experiment most of the 
transfers were made from dead membranes. The amount of growth 
on 2 live embryos in two different series which were observed at 12 
hour intervals showed that the organisms had grown abundantly in 
that length of time on live membranes. The growth used at 24 hour 
intervals from dead membranes must not have represented a de- 
cided proportion of postmortem growth. Toxin was produced from 
this tenth passage strain of the bacillus. 

Two live embryos were autopsied 12 and 14 hours after inocula- 
tion. The membranes bore the characteristic massive growth of 
bacteria. The whole embryo — muscle, stomach, spleen, liver, and 
so on — was hemorrhagic. 

A toxin was prepared by growing the bacilli on the surface of a 
flask of proteose peptone broth for 7 days, then centrifuging and 
filtering the broth through a Berkefeld V candle. This toxin was 
inoculated onto embryonic membranes in amounts of 1, 2, 3 and 4 
capillary drops. At 24 and 48 hours there was considerable conges- 
tion and thrombosis of membranal blood vessels with petechial 
hemorrhage. Leukocytic reaction was not noticeable grossly but 
smears revealed a good number of polymorphonuclears which were 
in turn followed by monocytes. Embryos remained strong. Most 
of them lived to hatching. Four drops of toxin were not a lethal dose. 
The only grossly apparent embryonic lesion, except the membranal 
one, was a greatly enlarged, pale waxy spleen. 

A 3 capillary drop of diphtheria antitoxin put onto membranes 
24 hours previous to inoculation protected the embryos against 2 
capillary drops of a 24 hour broth culture. No attempt to determine 
a minimum protective dose of antitoxin was made. One drop of 
antitoxin followed in 24 hours by 1 drop of culture produced very 
little membranal reaction. There was no flaky bacterial growth at 
all. The membrane tended to be dry. Bacilli were present in smears 
but they were short and pale. A few localized foci of leukocytes in- 
creased slightly in size from day to day. At 72 hours the organisms 
looked more active. At 96 hours there was evident growth. A good 
many were slender forms with metachromatic granules. ‘This in- 
creased growth of the organism did not kill the embryos. A large 
percentage of embryos protected by antitoxin was able to hatch. 
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With a decreased dose of antitoxin and an increased amount of cul- 
ture a large leukocytic lesion, mounded, dry and localized may be 
induced. Under this circumstance the bacilli are not as definitely 
inhibited. The lag period is shorter but the embryo is still protected. 

A strain of the organism has been kept in the presence of anti- 
toxin on membranes for 6 weeks. With the exception of two short 
intervals it has been on no other medium. Between the first and 
second transfers a plate culture was made on blood agar. Between 
the eighth and ninth transfers a blood agar culture intervened. 
Other transfers were made either by loop or by clipping a small 
piece of infected material and rubbing it over the surface of the mem- 
brane to establish the next generation. Protection by passive im- 
munity throughout this experiment was perfect. Ten serial trans- 
fers were made at from 4-6 day intervals. 

Strain II: A strain of Park-Williams No. 8 diphtheria bacillus 
was inoculated onto membranes in capillary drop amounts. Aside 
from some vascular congestion comparable to that produced by 
pure toxin there was no gross membranal lesion at 24 hours. Smears 
revealed a number of leukocytes and red blood cells. No organisms 
were found. The embryos were all dead at 48 hours. Postmortem 
growth of the bacilli is questionable. Inoculation of a membrane 
with an autogenous toxin or with an antitoxin 24 hours previous to 
addition of the culture did not promote growth of the organisms. 
Antitoxin protected the embryos from death. Very heavy inocula- 
tions of growth from a Loeffler’s slant to membranes produced death 
in less than 24 hours. In these cases there was what appeared to be 
postmortem growth of the bacillus. One embryo which lived be- 
yond 24 hours showed no organisms on smear. Transfer of material 
from a dead embryo (heavy inoculation) to a second generation gave 
the same results. Two other like transfers from dead embryos were 
made. In the fourth generation 1 live embryo was found which ap- 
peared to support growth of the bacilli. Transfers were made from 
this egg to establish a fifth generation where the strain was com- 
pletely lost. 

A stock strain of C. hofmanni did not grow after inoculations from 
broth or from slant cultures. There was evidence of postmortem 
growth on 1 membrane. This strain did not kill the embryos. 

Two hundred embryos were used with this diphtheria-diph- 
theriod work. 
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Comment: 


A freshly isolated strain of C. diphtheriae, a moderate toxin pro- 
ducer, grows abundantly on the chorio-allantoic membrane, but an 
old laboratory strain, a strong toxin producer, apparently does not 
grow at all or very little, although it kills the embryo quite rapidly. 

The freshly isolated strain grows as flaky colonies at the surface 
of the membrane apparently not attached toit. There is no inflam- 
matory reaction, but injury to the blood vessels resulting in dilata- 
tion, stagnation and hemorrhage soon makes its appearance. There 
is no necrosis of the superficial epithelium. No phagocytosis or in- 
vasion of the tissues is evident. 

Conditions are altered however by the administration of antitoxin 
24 hours before the inoculation. Under these circumstances the 
bacilli grow less readily and there results an abundant cellular 
exudation, as well as focal necrosis of the membrane. The embryo 
is protected by the antitoxin and survives the infection. Protection 
of the embryo from the effects of diphtheria toxin by the adminis- 
tration of antitoxin was demonstrated recently by Ozawa,* using 
our chick embryo technique. 

The recently isolated strain does not tend to invade the tissues of 
the membrane, but grows abundantly on the surface of necrotic 
tissue even in the antitoxin-protected embryo. 


DISCUSSION 


Ever since substantial foundations for the science of immunology 
were laid, investigations into the phenomena of infection have taken 
in the main two directions, namely those that concerned serum an- 
tibodies and those that endeavored to disclose the réle of phagocy- 
tosis. 

The proved and implied potentialities of these two possible mech- 
anisms of defense against bacterial infection seem to have dimmed 
the vision of both pathologists and bacteriologists to the basic 
problems which are the counterpart of resistance, namely suscepti- 
bility. 

Although natural resistance to infection is of great general bio- 
logical interest, it would seem that an explanation of natural sus- 
ceptibility would be essential for a proper understanding of that 
phenomenon; yet one looks in vain for stimulating hypotheses in 
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this territory comparable to those of serum antibodies and phagocy- 
tosis in the adjoining field of resistance. The fact that the latter 
do not explain satisfactorily acquired immunity to bacterial infec- 
tion may in part be due to a lack of knowledge of susceptibility. 

Metchnikoff, actively championing the cause of positive defense 
by means of phagocytosis, viewed susceptibility negatively as a 
breakdown of this mechanism through the repulsion of germ-eating 
cells. The serologists were often at a loss for a reasonable explana- 
tion of susceptibility for they soon learned of instances in which 
the serum of susceptible hosts was bacteriolytic for the infectious 
agent, and of others in which despite the absence of demonstrable 
antagonism of the body fluids natural immunity to the microbe was 
complete. An understanding of susceptibility involves a knowledge 
of the host-parasite relation in the early stages of invasion, and this 
knowledge of most infectious diseases is very meager. 

Before the theory of phagocytosis as.a defensive mechanism had 
gained so universal an acceptance as it now enjoys there were those 
who presumed to regard the intracellular medium, even of leukocytes, 
as a favorable menstruum for the growth of certain bacteria during 
the period of invasion, but Metchnikoff thought that this could hap- 
pen only if the phagocytes were severely injured or dead. 

Little was said by the Metchnikoff school about those protozoal 
diseases in which the parasite obviously undergoes its growth and 
metamorphosis within the protoplasm of cells; and no acceptable 
lodging place of hypothesis has even yet been found for the invasive 
phenomena of a group of infectious agents constantly gaining in 
recognition and including not only protozoal but bacterial, fungal, 
spirochetal, rickettsial and viral forms, which seem to defy the selec- 
tive destructive forces of cytoplasm, whether of mobile phagocytes 
or of tissues that are fixed. 

One of us has recently called attention to this group of infectious 
agents, tentatively recognizing extracellular, facultative intracellu- 
lar and obligate intracellular parasites.® 

In the experimental study here presented it has been found that 
the embryonic tissues of the developing chick offer a relatively simple 
and uniform medium in which some of the phenomena of invasion 
and susceptibility may be observed. It is probable that a large 
proportion of pathogenic bacteria in pure culture will induce infec- 
tive lesions in the chorio-allantoic membrane. Such lesions may be 
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observed at will; while smears, cultures and sections of tissue may 
be obtained at desired intervals. 

The limited number of pathogenic bacteria thus far studied in 
this preliminary survey of the method have shown that infective 
lesions may be induced with cultures of Staph. aureus, Str. haemoly- 
ticus, Str. viridans, and A. aerogenes, E. typhi, Br. abortus, C. diph- 
theriae, and Myco. tuberculosis avium. Of this group all but Staph. 
aureus, Str. haemolyticus and C. diphtheriae invade the cells in and 
about the lesion and find within either mobile or fixed cells, or both, 
a favorable intracytoplasmic medium for maintenance and growth. 
Different cells of the host vary in their availability for intracellular 
growth of these parasites. Str. viridans was found intracellularly 
only within wandering and fixed mesodermal cells; A. aerogenes in 
wandering mesodémal cells and in entodermal epithelium of the 
chorio-allantois and lung; E. typhi in entodermal epithelium of the 
membrane, and to a slight extent in membranal ectodermal epithe- 
lium; Br. abortus in ectodermal epithelium and mesodermal ele- 
ments of the membrane; and Myco. tuberculosis avium in meso- 
dermal elements. 

While this embryonic medium may not be comparable with the 
natural hosts for the bacteria studied, it is of interest to note that 
the experimental lesions in the membranes are characteristic for the 
bacterial types and in general simulate those found in the natural 
host. This is significant. So little is known about the early stages 
of natural infection, the stage of invasion and so-called period of 
incubation, that one may well obtain working hypotheses from 
membranal infections which would be helpful in restudying the more 
complicated phenomena in the natural host. 

One may draw the conclusion, at least tentatively, that the cells 
of susceptible hosts not infrequently present themselves as available 
media for the growth of infectious agents before general immunity 
manifests itself. Judging from the experiments presented the phe- 
nomena of phagocytosis seem to be a greater aid than impediment 
to invasion by many kinds of pathogenic bacteria. 

The method which we have used would seem to have useful ap- 
plicability to the study of problems of immunity as well as of sus- 
ceptibility, for it is quite evident from the results with diphtheria 
antitoxin that serum antibodies may be effectively introduced into 
the embryo in quantity sufficient to immunize it against otherwise 
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fatal doses of toxin. The problem of the effect of antitoxin on the 
in vivo growth of C. diphtheriae is also rendered approachable. In 
like manner it is possible that bacterial antibodies and complement 
itself may be studied individually or together in such a medium; 
and their behavior in the presence of specific bacterial infection may 
be thus exposed to analysis more effectively than is now easily 
possible. 

While an antagonism between phagocytes and certain bacteria is 
well recognized, it seems probable that in a large proportion of in- 
fectious diseases the invading agent finds a favorable lodging place 
within cells during the stage of invasion and through them grows 
and extends. 

Phagocytosis therefore is not synonymous with host resistance, 
and it may have two diametrically opposed effects, namely inhibi- 
tion and facilitation of the infectious process. So far as phagocytosis 
is related to resistance, the effect of the intracellular environment on 
the invading bacteria is the determining factor. 

How non-motile and motile bacteria gain admission into fixed cells 
of mesodermal, ectodermal and entradermal origin is an important 
problem. Some of our observations indicate the possibility of in- 
vasion from one cell to another by growth through contiguous cyto- 
plasmic processes. 


CONCLUSIONS 


1. Inoculation of the chorio-allantoic membrane of chick embryos 
with pure cultures of pathogenic bacteria is a practical method for 
studying many problems of infection, especially the early stages of 
invasion. 

2. It is indicated in this survey of the method of studying bac- 
terial infection in chick embryos that many pathogenic bacteria 
find in either mesodermal cells (fixed or mobile) or epithelial cells, 
or both, favorable and possibly necessary media for invasion of the 
living host. 

3. In these instances phagocytosis instead of representing resist- 
ance to infection actually favors it. 

4. Among those pathogenic bacteria that are able to utilize a 
living intracellular environment for growth are Str. viridans, A. 
aerogenes, E. typhi, Br. abortus and Myco. tuberculosis avium. 
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5. Staph. aureus and Sir. haemolyticus may be in part destroyed by 
the phagocytes of the embryo, and they appear to be incapable of 
growing in an intracellular medium in this host. 
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FIG. 5 
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DESCRIPTION OF PLATES 


PLATE 20 
Str. haemolyticus; 72 hour lesion; purulent exudate. 
A. aerogenes; 72 hour lesion; bacilli and exudate. 
E. typhi; 5 day lesion; bacilli and exudate. 
C. diphtheriae; 24 hour growth; flakes of bacilli. 


Diphtheriae antitoxin; 24 hours. C. diphtheriae; 72 hour lesion; puru- 
exudate. 


Diphtheria toxin; 48 hours. Petechial hemorrhages. 
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PLATE 21 


7. Staph. aureus; membranal lesion; 72 hours. x 46. 
(a) Leukocytic exudate containing dark clumps of cocci. 
(6) Giant cell membrane. 

(c) Granulation tissue. 


(d) Remnant of ectodermal epithelial layer. 


(right). x 46. 


8. Str. haemolyticus; membranal lesion. 


Ulceration, exudate and necrosis 


. 9. Br. abortus; membranal lesion; 96 hours. Little exudate, no ulcera- 


tion, deeply seated fibroblastic nodules. 


x 46. 


10. E. typhi; membranal lesion; 48 hours. Surface bacterial growth (up- 


per layer). Arrows point to intracellular masses of bacilli in entodermal 


epithelium. 


X 250. 


; 
| 


AMERICAN JOURNAL OF PATHOLOGY. 


VoL. 


XIII 


PLATE 


2I 


Goodpasture and Anderson 


— 

7 

8 

a, 

9 
. 

~ 
Po Bacterial Invasion of Chorio-allantoic Membrane 
ON 


PLATE 22 


Fic. 11. Al. aerogenes; membranal lesion; 96 hours. Dark layers are bacilli. 
Below is hyperplastic entodermal epithelium containing intracellular 
masses of bacilli. x 250. 

Fic. 12. A. aerogenes; lung lesion; 96 hours. Same embryo as Fig. 11. All 
dark areas represent intracellular groups of bacilli in pulmonary epithe- 
lium. All bacilli are intracellular. x 250. 
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PLATE 23 


Fic. 13. Str. viridans; membranal lesion; 72 hours. Deeply stained groups of 
bacilli in fibroblasts of mesodermal layer. x 1000. 

Fic. 14. £. typhi; membranal lesion; 72 hours. Arrows point to intracellular 
groups of bacilli in entodermal epithelium. Dark material represents secre- 
tion of superficial epithelium. Note absence of neighboring extracellular 


bacterial growths. x 1000. 


Fic. 15. Br. abortus; membranal lesion; 96 hours. Intracellular bacilli in 


ectodermal cells. x 2300. 
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CONCERNING THE PATHOGENESIS OF TYPHOID FEVER* 


Ernest W. GooppasturE, M.D. 


(From the Depariment of Pathology, Vanderbilt University School of Medicine, 
Nashville, Tenn.) 


The earliest phases of an infection, involving a portal of entry, a 
mechanism of invasion, and activities transpiring during the period 
of incubation, while of the utmost importance to an understanding 
of the disease as a whole, are the most difficult incidents to discover 
and are among the least well understood phenomena of most in- 
fectious processes. 

Invasion of the host and, presumably, multiplication of the para- 
site, take place before there are manifest evidences of disease. The 
lesions which follow may at times obscure the pathways of the more 
cryptic progress of the earlier stages; and in experimental animals it 
may be difficult or impossible to reproduce conditions comparable to 
those existent in the original host naturally infected. Even though 
satisfactory conditions can be found there are technical difficulties 
that attend a study of these earliest stages of infection, hindering an 
exposition of them. 

Typhoid fever offers a familiar illustration. Despite extensive 
knowledge of etiology, epidemiology, pathological anatomy and 
immunology of typhoid fever there is a broad hiatus between the en- 
trance of the specific bacilli into the mouth and the development of 
manifest symptoms of infection, which is almost entirely unknown 
terrain. It is not known just where or how the bacilli invade the host 
and multiply during the incubation period. There are two main 
hypotheses. 

The hematogenic hypothesis supposes that the bacilli penetrate 
in an unknown way the mucosa of the throat, tonsils or gastro- 
intestinal tract under natural conditions of infection, and on gaining 
entrance into the blood multiply in this medium and thereby are 
disseminated throughout the body to localize in the lymphoid tissue 
of the intestine and other places to induce the specific lesions of the 
disease as secondary phenomena. The enterogenous hypothesis 
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assumes a penetration of the intestinal epithelial lining at some 
point or points unknown, possibly first that of the Peyer’s patches in 
the lower ileum, followed by a local growth of the bacilli with the 
production of lesions and a secondary invasion of the blood stream 
passively through lymphatics and blood vessels. According to this 
assumption it would seem likely that the original foci of infection 
would be few and focal, followed by more extensive invasion of the 
intestinal mucosa after the bacilli begin to be excreted through the 
bile. 

There seems to be no evidence that E. typhi actually multiplies 
within the lumen of the gastro-intestinal tract itself; and its demon- 
strable presence there is now assumed to be entirely a result of 
elimination through the biliary tracts.” 

It has been surprisingly difficult to demonstrate by histological 
methods any exact relation between the lesions of typhoid fever, 
whether in the intestine or elsewhere, and the presence of the 
specific microorganisms. Small groups of bacilli, presumably E. 
typhi, have often been demonstrated in these lesions but they 
have not appeared to be definitely related to them; and not infre- 
quently it is a question whether or not they represent postmortem 
growths. It seems to be accepted generally that the earlier the stage 
of the disease and the sooner after death the tissues are fixed, the 
more difficult it is to demonstrate bacilli. Mallory states in this 
connection: ‘‘Occasionally the characteristic colonies were found in 
the mesenteric lymph nodes and in the spleen, but not in any case 
that came to post-mortem examination very soon after death. 
In the earliest case (10 days after onset), in which postmortem ex- 
amination was made one hour after death, no bacteria were found 
microscopically except along the edges of the beginning ulcerations 
of the intestine, and in that situation it is of course impossible to 
differentiate the typhoid from the colon bacillus. Certain it is that 
when typical colonies of the typhoid bacillus are found in the differ- 
ent organs they bear no intimate relation to the lesions present.’” 
Although the typhoid bacillus may not be seen in the lesions their 
presence is usually demonstrable, by cultural methods, in the in- 
testine, lymph nodes, spleen and bone marrow. It thus appears that 
the exact portal of entry and the primary site and mechanism of in- 
fection in typhoid fever are quite unknown. 

Recent studies of bacterial infection of the chorio-allantoic mem- 
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brane of chick embryos in this laboratory have shown that E. 
typhi grows abundantly on the surface of the membrane at the 
site of inoculation in association with injured and necrotic mem- 
branal tissue and cellular exudate. Furthermore, it was observed 
that this microorganism is capable of gaining admission into the 
cytoplasm of living entodermal epithelial cells of the membrane; and 
under these conditions it apparently will grow intracellularly, form- 
ing small intracytoplasmic colonies. The bacteria multiplying in 
association with necrotic tissue on the surface are quite large, re- 
sembling the large forms cultivable on dead media. Those within 
the entodermal epithelium are on the contrary relatively small and 
seem to be embedded in a matrix possibly of capsular material. The 
intracytoplasmic colonies in entodermal epithelium are the only 
morphological evidence of invasion and multiplication of the bacilli 
within the tissues of this host, although it was possible on several 
occasions to obtain positive blood and bile cultures. 

This observation of the penetration of the lining entodermal epi- 
thelial cells by E. typhi and its seeming growth within this living 
medium suggested the possibility that a similar mechanism might be 
involved in the invasion of the human intestine by the bacillus, and 
was the occasion of a restudy of material from several cases of 
typhoid fever at our disposal. 

Particularly suitable for such a study were the tissues from a 
recent case where death occurred on the 11th day of the disease. A 
postmortem examination was performed 1} hours after death. The 
tissues were fixed immediately in Zenker’s fluid, and paraffin sections 
were stained by immersing them for about 4 hours in Wright’s stain 
(60 drops suspended in 100 cc. of distilled water). The stained 
sections were differentiated in absolute ethyl alcohol, cleared in 
xylol and mounted in cedar oil. 


REPORT OF CASE 


Clinical History: A 19 year old white male (V-34-147) was admitted to the 
Vanderbilt Hospital on Sept. 8, 1934. He had never had typhoid fever nor had 
he ever received antityphoid vaccine. He began complaining of general malaise 
10 days before admission. ‘Two days later after the onset of illness he had a 
mild chill and felt feverish. He was in bed for 6 days prior to admission and for 
3 days vomited everything taken by mouth. At times he was delirious. 

On physical examination the spleen was palpable. The temperature was 
104.2° F., the pulse r1o, and the blood pressure 130/70. Coupled pulse was 
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noted. The urine contained 2+ albumin with granular casts. White blood 
cells numbered 4350. The stools were tarry. Guiac test ++. Blood culture 
showed 60 colonies E. typhi per cc. The stools and urine were negative for E. 
typhi. The Widal was 1:160. 

In spite of all therapeutic efforts his temperature rose to 106° F. He became 
more restless, requiring restraint, developed signs of peripheral circulatory 
collapse with severe toxemia, and died on Sept. 9, 1934. 


THE INTESTINAL LESION AND INTRACELLULAR PARASITISM 


Autopsy was performed 13 hours postmortem. Few of the solitary 
follicles and Peyer’s patches in the intestine showed any gross evi- 
dence of ulceration, although all or most of them were considerably 
swollen. 

Microscopically the intestinal lesions are typically those of early 
typhoid. Frequently a thin epithelial sheet completely covers a 
patch of Peyer without ulceration. The follicles themselves are 
swollen by edema and infiltration by numbers of the large mononu- 
clear phagocytes so typical of the cellular response to this infection. 
There are also areas of necrosis, deposits of fibrin and cellular 
thrombi in dilated lymphatics and blood vessels. But throughout 
the agminated follicles there are persistent foci of lymphocytes, 
plasma cells and reticulo-endothelium which seem to represent 
original lymphoid nodules. These groups are still fairly abundant 
although many lymphocytes have been and are being removed by 
phagocytosis. 

First a careful study was made of glandular and surface epithe- 
lium, both that covering the lymphoid nodules and that of inter- 
vening areas, to see if there were evidence of intracellular bacillary 
forms such as were found in the entoderm of the embryonic mem- 
branes of the chick. No such forms have as yet been found in sec- 
tions of stomach, duodenum, jejunum, ileum and colon. Further- 
more, in accordance with observations of others, no bacteria were 
found in or on this membrane in the unulcerated regions studied. 
Only a few large bacilli were found lying on the surface of shallow 
ulcerations. They had not penetrated below the surface and were 
not considered to be typhoid bacilli. 

On examination of the cellular foci, composed chiefly of lympho- 
cytes and plasma cells, it soon became apparent, however, that 
young plasma cells occasionally contain within their rather purplish 
cytoplasm circumscribed areas filled with a lighter staining material 
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embedded in which are numerous, small, rod-shaped and spherical 
structures that are obviously bacteria. 

Owing to the relatively deeply staining cytoplasm of the plasma 
cells and the small size of the intracellular bacteria the cellular in- 
clusions are quite inconspicuous, but when found they are very 
definite. Search was then made through many sections of the in- 
testinal lesions, and although the number of demonstrably infected 
plasma cells is small in any one section, typical examples were found 
in each. Similar plasma cells with intracytoplasmic bacillary and 
coccoid inclusions were likewise found in mesenteric lymph nodes 
draining the intestinal lesions and showing the usual typhoidal le- 
sions. In no other lesions, including those of the spleen, liver and | 
bone marrow, were intracellular bacillary inclusions demonstrated, 
although a careful examination was made of several sections from 
each of these tissues. 

The intracytoplasmic bacillary inclusions were found only in 
plasma cells, and in very rare instances in cells with more abundant 
and more pink staining cytoplasm which might be interpreted as 
being altered plasma cells. 

The interpretation that the cells containing the inclusions are 
plasma cells is based on the fact that they possess an eccentric round 
or oval nucleus with chromatic material generally arranged about 
the periphery, and a relatively abundant basophilic cytoplasm some- 
times exhibiting a crescentric, paranuclear, slightly acidophilic area. 
These cells are commonly and most numerously situated within the 
persisting lymphoid aggregates of the intestinal follicles, and some- 
times exhibit multiple or lobulated nuclei. All of these are com- 
monly known characteristics of plasma cells; but the cells under 
consideration are rarely classical mature plasma cells. Ordinarily 
they seem larger with more abundant cytoplasm and are apparently 
immature. Mitotic figures in such cells were occasionally observed. 
Cells having the characteristics as described are commonly accepted 
by pathologists as plasma cells in their descriptions of similar lesions 
of typhoid fever.? They are never seen to contain phagocytosed | 
material other than the bacillary aggregates which I have described. __\ 
It is important that the identity of these cells be recognized because 
they are the only cell in the typhoidal lesion that contains 
the inclusions and this, therefore, appears to be a cellular specific 
phenomenon. 
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After the discovery of the small bacillary aggregates within 
plasma cells search was made for bacillary groups such as have been 
described by others in lesions of typhoid fever — namely extra- 
cellular aggregates that appear to have no obvious relation to the 
lesion. Such groups, though quite rare and exceedingly small, con- 
sisting of about a dozen or less bacilli, were found after careful 
search but only in association with and practically always within a 
necrotic typhoidal macrophage. On rare occasions a normal appear- 
ing macrophage contained a few bacilli in relationship with the 
partially digested remains of a phagocytosed lymphocyte. The 
bacillary forms within the dead macrophage differ considerably from 
those within the plasma cells. They are composed of large, deeply 
staining rods which are vegetative, as judged from their fresh 
appearance and the linking of one rod to another. Bacillary forms 
of this kind were found only within or near the inflamed follicles of 


_ the Peyer’s patches. 


The question naturally arises whether or not any or all of the 
bacillary groups, including the large and small forms, are typhoid 
bacilli. Shortly before death in the case under consideration a blood 
culture yielded only E. typhi, 60 colonies per cubic centimeter. 
Clinically there was no evidence of a complicating infection. The 
case was such an early one and the tissues were fixed so shortly 
after death that there is no evidence microscopically of invasion of 
the intestinal lesions by any secondary bacteria. The bacillary in- 
clusions within plasma cells are Gram-negative and resemble in- 
dividually and collectively the small intracellular bacillary forms en- 
countered in the entodermal epithelium of the chick embryonic 
membranes inoculated with E. typhi and from which pure cul- 
tures of this bacillus were recovered. Furthermore, the plasma cell is 
not known to be an active phagocyte, nor does it seem to migrate 
extensively. Those that contained bacterial inclusions in the in- 
testinal lesions were most commonly situated near the central por- 
tion of follicular remnants, often remote from the intestinal surface, 
and they were also present in mesenteric lymph nodes that have 
been found to yield pure cultures of E. typhi. 

Such considerations lead me to the conclusion that these represent 
an especially small bacillary form of FE. typhi modified by their 
intracellular environment. That they are reproducing within the 
cytoplasm of the host-cell is judged by the fact that the focal aggre- 
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gates consist of numerous individuals. It often appears that they are 
embedded in a capsular material, possibly produced by themselves. 


There are no degenerating forms and they are not surrounded by a , 


digestive vacuole, nor are they irregularly distributed in the cell, but 
occur as focal circumscribed inclusions. Furthermore, there are no 
detectable extracellular bacteria from which the incorporated forms 
might have been derived by ingestion. 

It is of interest that in no instance has there appeared a large 
bacillary form or group derivable from a plasma cell. There is no 
evidence of an ante or postmortem transformation of the small 
forms into the large within the plasma cell. On the other hand only 
the large bacillary forms are found within the typhoid macrophage. 
Whether these represent postmortem growth or not cannot definitely 
be determined, but one has reason to judge that they do represent 
an ante mortem growth. 

In the first place they are practically always associated with and 
incorporated by macrophages that exhibit evidences of necrosis. 
They are quite rare, more so than the plasma cell forms. There is no 
extracellular growth and in view of the abundant microorganisms in 
the blood stream it would seem, had postmortem growth occurred, 
that extracellular foci would be in evidence. Failure to find bacterial 
foci in the spleen and bone marrow is also opposed to an interpreta- 
tion of postmortem growth. 

Although the foregoing description is based largely on observa- 
tions made on the tissues of the case reported, plasma cells contain- 
ing characteristic intracytoplasmic groups of Gram-negative bacilli, 
judged to be E. typhi, have been found in Peyer’s patches of 4 
additional cases of typhoid fever. The late stages of the disease with 
complete ulceration, and tissues from cases examined several hours 
after death, are not suitable for such a study. No such inclusions 
have been found in tissues from other conditions, including lesions of 
bacillary dysentery, satisfactorily prepared for their demonstration. 


DISCUSSION 


Observations of the phenomena of typhoid fever up to the present 
time have neither indicated the portal of entry of the typhoid bacil- 
lus into the tissues of the human host nor the sites of multiplication 
of this microorganism after invasion has taken place. Evidence 


NV 


182 GOODPASTURE 


indicates that E. typhi does not multiply within the lumen of the 
gastro-intestinal tract, or within the blood stream.**” 

Although the observations I have recorded do not indicate the 
portal of entry, they may be interpreted to point out a site and 
mechanism of growth of the causative agent after invasion has taken 
place — namely within the cytoplasm of living young plasma cells, 
and within the cytoplasm of living or dead macrophages in the 
lymphoid tissue of the intestine and mesenteric lymph nodes. 

The Gram-negative, small bacillary microorganisms found in 
groups within apparently normal and uninjured young plasma cells 
are interpreted to be intracellular forms of E. typhi. Similar 
structures have not been found in other cells, and it is tentatively 
concluded that the human host offers at least one living intracellular 
medium to which this bacterium may gain access, be thereby pro- 
tected from unfavorable extracellular influences, and multiply. A 
few cells, presumably plasma cells, containing relatively large aggre- 
gations of bacilli appear to be necrotic, and one may assume that the 
enclosed bacilli may be liberated by rupture or disintegration of 
plasma cells thereby to gain access to the lymph and blood stream, 
or to become phagocytosed by other cells of the same kind in which 
the processes of multiplication may be continued in series. 

On the other hand, the liberated bacilli could be phagocytosed by 
the macrophages, for Gram-negative bacilli, judged to be typhoid 
bacilli, have likewise been found in these cells. But the macrophage 
does not seem to be naturally a suitable medium for growth of the 
bacillus. In those instances where evidences of growth in macro- 
phages are apparent the bacilli are associated with the digesting re- 
mains of a phagocytosed lymphocyte or are incorporated within the 
cytoplasmic remains of a dead macrophage. 

Infection of embryonic chick membranes indicated that E. 
typhi multiplied under two conditions: (1) in association with 
necrotic tissue, and (2) within the cytoplasm of living entodermal 
cells. Within the intestinal lesions of typhoid fever similar condi- 
tions seem to exist. But here the living receptive and nourishing cell 
is the young plasma cell, and the necrotic material is the intracel- 
lular remains of a phagocytosed cell or the autolysing remains 
of the phagocyte itself. 

In the infected embryonic tissue the bacilli multiplying within 
living entodermal cytoplasm are quite small and are embedded in an 
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incorporating material, while those growing in necrotic tissue are 
large and free. A similar distinction is found in the human lesions, 
namely the bacilli within plasma cells are small and lie within an in- 
corporating material, while those within macrophages are large 
bacilli and free. 

There are only a few bacilli, however, within a single macrophage, 
no more than might be considered to be subsisting on the dead 
material with which they are associated. It is rare to find a macro- 
phage that contains bacilli, and one may reasonably judge that the 
microorganism is protected and nourished by the disintegrating cells 
for only a brief period. It seems probable that, following a short 
series of divisions, the bacilli become, through dissolution of the in- 
corporating macrophage, exposed to the extracellular environment, 
whence they may reenter either young accessible plasma cells to re- 
peat a generative cycle, or a macrophage (where they may be de- 
stroyed), or may regenerate, if the cell dies or is digesting a phago- 
cytosed lymphocyte. On the other hand, if humoral bacteriolysins 
have developed the exposed bacilli may be rapidly dissolved, liber- 
ating thereby their endotoxins. A.) 

The “positively chemotactic” and susceptible young en cell 
within lymphoid tissue generally could come in contact with E. 
typhi and become infected, either from direct invasion of the 
intestinal wall or by indirect invasion through the blood stream. 
Consequently without knowledge of the earliest stages of infection 
it is not possible to be certain of the portal of entry. It would seem 
reasonable to conclude, however, that injury of lymphoid tissue re- 
sulting in proliferation of young plasma cells would predispose those 
tissues to the most extensive infection; and experience shows 
such injury occurs most prominently in the lymphoid tissue of the 
lower ileum and the mesenteric lymph nodes draining this area. 

No bacillary groups were found in the early cases in any tissue 
examined other than the lymphoid tissue of the ileum and mesentery. 
It seems quite probable that extracellular bacilli would form small 
colonies in the dead tissues if they were permitted to incubate long 
enough, and observations of others indicate that they do so. 

If it is assumed that the young plasma cells are the susceptible 
hosts for growth of E. typhi during the incubation period of 
typhoid fever, and from them the bacilli become disseminated, 
primary or metastatic infections might occur in various parts of the 
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body, notably in the tonsils, pharyngeal lymphoid nodules, intes- 
tine, lymph nodes, spleen and bone marrow, where plasma cells are 
normally present. 

In the early case under examination no bacilli were found in the 
spleen, liver and bone marrow. The focal necroses present in these 


’ structures rather indicate the effects of endotoxins from phagocy- 


tosed and lysed bacilli from the circulating blood. Plasma cells are 
quite rare in the liver and E. typhi is almost never recognized in 
this organ although focal necroses are numerous. These cells, how- 
ever, are more abundant in the spleen and bone marrow and, al- 
though no intracellular bacilli were found, it seems possible that 
cycles of generation could occur in these tissues within plasma cells. 

Persistence of typhoid fever after the disappearance of the specific 
bacilli from the blood stream might be explained by a continuance 
of growth within plasma cells locally, although antibodies prevent 
their further dissemination. 

The observation that the human plasma cell can be a susceptible 
cellular host for E. typhi may have a bearing on immunity to 
typhoid fever. It is generally conceded that recovery from typhoid 
fever is associated with a prolonged immunity to subsequent infec- 
tion by E. typhi, while vaccination at best usually leads to less 
substantial and briefer immunity. 

If infection is associated with intracellular multiplication of E. 
typhi it seems possible that antigens differing perhaps from those 
derivable from artificially cultivated bacilli may be liberated during 
the course of infection and that the susceptible plasma cell itself may 
become immune. 

It is to be hoped that the observations I have recorded and the in- 
terpretation of them proposed may be subjected to more critical 
examination by others from investigation of the disease in man or in 
chimpanzees, in order that a better understanding of the pathogene- 
sis of typhoid fever may be acquired and that the significance of re- 
lations between the cells of susceptible animals and parasitic agents 
may be demonstrated or excluded in this and other infectious 
processes.® 


SUMMARY AND CONCLUSIONS 


1. In early cases of typhoid fever small Gram-negative intra- 
cellular bacilli, judged to be E. typhi, have been found at autopsy 
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in the cytoplasm of young plasma cells, otherwise apparently un- 
altered, located in the lymphoid follicles of iliac and mesenteric 
lesions. 

2. Larger Gram-negative bacilli have been found in macrophages 
of the intestinal lesions in association with the remains of phagocy- 
tosed lymphocytes, or the necrotic remnants of macrophages them- 
selves. 

3. It is concluded that E. typhi is capable of growing in both 
these situations and under conditions indicated. 

4. The interpretation is proposed that the young plasma cell is an 
essential cellular host for E. typhi in the typical human disease 
and serves as a nourishing and protecting medium, not only during 
the period of incubation but throughout the active course of the 
disease. 
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DESCRIPTION OF PLATES 


PLATE 24 


Fic. 1. Peyer’s patches in ileum. 


Fic. 2. Peyer’s patch and solitary follicles just above ileocecal valve. Note slight 
ulceration. 


Fic. 3. Peyer’s patch showing partial covering with epithelial sheet. x 16. 
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PLATE 25 


Fic. 4. Photomicrograph showing young plasma cells near center of a persisting 
follicle in a Peyer’s patch. Arrow points to ill-defined group of intracellular 
bacilli. x 1400. 


Fic. 5. Arrow points to young plasma cell from a Peyer’s patch containing a 
group of small bacilli. x 2500. 


Fic. 6. Plasma cell with pyknotic nucleus. Intracellular group of small bacilli. 
X 2500. 


Fic. 7. Necrotic macrophage containing group of large bacilli. x 2500. 
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PLATE 26 


Cells from case reported. Figure 13 from a mesenteric node. Others from 


Peyer's patches. 


Fic. 8. Plasma cell containing small bacilli. Large and small lymphocyte and 


macrophage. 


Fic. 9. Group of young plasma cells. One near center contains a group of small 


bacilli. 


Fic. 10. Plasma cell containing bacilli. Note encapsulating material. 


Fic. 11. Necrotic plasma cell with encapsulated group of small bacilli. 


Fic. 12. Plasma cell containing large group of bacilli. 


Fic. 13. Plasma cell containing two groups of small bacill!. 


Fic. 14. Large cell, possibly transformed plasma cell containing group of small 


bacilli. 


Fic. 15. Macrophage containing dead lymphocytes associated with one of 


which is a small group of large bacilli. 
Fic. 16. Dead macrophage containing large bacilli 


Fic. 17. Dead macrophage containing large bacilli. 
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THE HISTOPATHOLOGY OF NATURAL AND EXPERIMENTAL 
CANINE DISTEMPER* 


W. A. DEMonsreun, M.D. 


(From the Department of Pathology, Vanderbilt University School of Medicine, 
Nashville, Tenn.) 


Canine distemper is a highly infectious disease, the most constant 
manifestation of which is a characteristic temperature curve. 
According to Lockhart,' who has observed several thousand cases 
in young dogs, there is an initial rapid rise in temperature which 
occurs approximately 7 to 8 days after exposure to infection. After 
an interval of about 96 hours the temperature recedes to practically 
normal, only to become elevated again on the 11th to 12th day 
following exposure. There is usually an associated coryza of a vary- 
ing degree, and many cases show striking suppurative catarrhal 
symptoms such as purulent discharges from the eyes and nose. 
Bronchitis is frequent and often in fatal cases there is broncho- 
pneumonia. Vesicopustules often occur on the abdomen. Diarrhea 
is at times a prominent symptom and results in severe emaciation. 
In some outbreaks of the disease as many as 50 per cent of the cases 
develop nervous manifestations which may result in fatalities as 
high as 75 per cent. The nervous symptoms usually develop after 
the 2nd week of the disease and consist of sudden attacks of semi- 
consciousness with vigorous chewing movements and salivation. At 
first these attacks last only a few seconds, after which the dog regains 
consciousness. Usually when such fits set in they become more fre- 
quent and severe, finally progressing to the stage of violent epilepti- 
form convulsions. Some cases exhibit muscular spasms which may 
progress to the stage of generalized convulsions. A small proportion 
of cases of distemper are so mild as to escape recognition, but as a 
rule some of the symptoms are pronounced, particularly those refer- 
able to a particular system. For this reason many veterinarians 
have divided the clinical types into pulmonary, intestinal, tegumen- 
tary or nervous, depending on the system producing the outstanding 
symptoms. 

* Aided by a grant from the Division of Medical Sciences, Rockefeller Foundation. 
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SUSCEPTIBLE ANIMALS 


Laidlaw? is of the opinion that all dogs, with the exception of 
young suckling puppies and those immunized by a previous attack 
of the disease, are subject to distemper. He also regards ferrets, 
stoats and weasels as being highly susceptible. Because of the ex- 
treme susceptibility of the ferret the English variety of this animal 
was extensively used by Dunkin and Laidlaw? in their experimental 
study of distemper. According to Darling‘ the brown or fitch ferret is 
equally susceptible, and responds to the infection in a manner identi- 
cal with that of its close relative. Laosson® reported the successful 
transmission of the disease to two foxes. Fox® reported the occur- 
rence of the disease in wild dogs, wolves, lynxes and racoons, in 
captivity. 


THE ETIOLOGICAL AGENT 


Carré’ in 1905 reported that distemper of dogs is caused by a filter- 
able virus. Ferry * and M’Gowan® in 1911 independently described a 
small Gram-negative bacillus which they isolated from the upper 
respiratory tract and which was interpreted by them as the prob- 
able etiological agent of the disease. This organism was later named 
B. bronchisepticus by Ferry.* Torrey and Rahe?® (1913) studied this 
organism thoroughly and claimed that they reproduced typical dis- 
temper in susceptible dogs by injecting them with pure cultures of 
the organism. Dunkin and Laidlaw *”" (1926), however, regard the 
bacillus as a secondary invader which is often responsible for the 
pulmonary complications of the disease. These investigators, work- 
ing with a stock of ferrets and dogs bred and reared under the strict- 
est possible isolation, substantiated the earlier work of Carré’ in 
proving conclusively that the etiological agent of the disease belongs 
to the class of filter-passing viruses. 


DISTRIBUTION OF THE VIRUS 


The virus of canine distemper apparently is generally distributed 
throughout the tissues of the infected animal. Carré’ (1905) demon- 
strated its presence in the blood, pericardial fluid and nasal secretions 
of infected dogs in sufficient quantities to reproduce the disease in 
susceptible animals. Puntoni! (1923) found the brain to be infec- 
tive, and Dunkin and Laidlaw® (1926) succeeded in inducing dis- 
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temper in ferrets with as little as one-ten-thousandth of a gram of 
splenic tissue. The wide distribution of cell inclusions reported in 
the histological studies of some investigators, granting that these in- 
clusions bear a close relation to the virus, also indicates that there is 
a more or less general distribution of the virus in this disease. 


HISTOLOGY AND CYTOLOGY 


In investigations of the histopathology of canine distemper the 
brain has been studied more than other organs, perhaps because (1) 
the symptoms in the nervous type of the disease are so striking, and 
(2) because of the desire for a clear differentiation between the histo- 
pathology of this disease and that of rabies. 

Lentz in 1907 found in the nervous type of distemper of young 
dogs a degeneration of nerve cells of the brain, especially those in 
Ammon’s horn, and small, cytoplasmic acidophilic inclusions within 
the neurons. These inclusions, some of which seemed to lie outside 
cells, appeared quite similar to Negri bodies, but they contained no 
internal structure. In 1909 ™ he published a detailed account of his 
findings, which had been confirmed by Standfuss in 1908.4 Golgi 
and Sinigaglia,” and Babes and Starcovici ¥ in 1912 described small 
inclusions, with a vacuolated structure resembling Negri bodies, in 
the Purkinje cells, in the nerve cells of the spinal cord, in the epen- 
dymal cells of the ventricles, and in the epithelium of the respiratory 
tract and conjunctiva. Sanfelice 1” in 1915 found similar cytoplas- 
mic inclusions in 7 cases in nerve cells, in the nasal mucosa, conjunc- 
tiva, intestine, spleen, pancreas, skin, lymph nodes, bone marrow, 
ovary and lung, but did not find them in the liver, kidneys or sali- 
vary glands. Kantorowicz and Lewy '* in 1923 described intracellu- 
lar structures occurring in the brains of dogs that had the nervous 
form of distemper. In their opinion these resembled the “‘parasite”’ 
Encephalitozoén cuniculi which commonly occurs in the brains of 
rabbits. Roman and Lapp’® in 1925 studied the central nervous 
systems of 27 dogs suffering from canine distemper. Of this number, 
19 showed changes in the central nervous system in the form of a 
disseminated non-suppurative process of the cord, brain and lepto- 
meninges without associated cell inclusions. Pugh” in 1926, in a 
study of over 50 fatal cases in an epidemic of encephalitis in dogs, 
found in the lethargic cases, especially in the basal ganglia, an exten- 
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sive perivascular reaction associated with minute hemorrhages. 
Because of the similarity of these lesions to those of some cases of 
human encephalitis, he seriously considered a possible relation be- 
tween the two diseases. It seems, however, that the disease de- 
scribed by Pugh is not distemper, as Laidlaw did not succeed in in- 
fecting ferrets with brain tissue obtained from some of the cases; and 
also it was determined that the disease occurred in some dogs that 
had recovered from distemper and were, therefore, immune to that 
infection. Dunkin and Laidlaw*" in 1926, following their exten- 
sive study of canine distemper, concluded that histological examina- 
tion shows no characteristic lesions. They noted hyperplasia of the 
endothelial cells of the lymphatic system. In the spleen, abdominal 
lymph nodes and Peyer’s patches some of these cells showed degen- 
erative changes. Others contained phagocytosed red blood cells and 
leukocytes and, very occasionally, irregularly shaped, eosinophilic 
cytoplasmic inclusions. They also observed, but very rarely, 
eosinophilic inclusions in the cytoplasm of epithelial cells of the con- 
junctivae and pulmonary alveoli. Because bronchopneumonia, 
purulent conjunctivitis and pustules on the abdomen, all of which 
are commonly seen in the natural disease, did not occur in their ex- 
perimental animals, these features were regarded as complications 
due to infection by secondary organisms. In cases of the nervous 
type of the disease they found evidences of a non-specific encephali- 
tis but noted no inclusions in nerve cells. 

Dunkin and Laidlaw® also studied distemper in ferrets and de- 
scribed lesions quite similar to those occurring in dogs with the ex- 
perimental disease. In some of these animals they noted degenera- 
tion of nerve cells of the brain, usually without any associated in- 
flammatory reaction. Also they described multiple, small epithelial 
abscesses which occurred constantly in the lips and occasionally on 
the abdomens of ferrets. Occasional cytoplasmic inclusions were 
found in epithelial cells of the walls of these abscesses. These in- 
vestigators concluded that in the experimental disease of both dog 
and ferret inclusion bodies do not occur with the regularity of num- 
ber, size and disposition which is to be expected if they are directly 
associated with the infecting agent. Marinesco, Draganesco and 
Stroesco” in 1933, in a study of the central nervous systems of 20 
dogs with distemper, noted in the brain rather diffuse degenerative 
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and inflammatory lesions with perivascular accumulations of 
lymphocytes and clasmatocytes. The inclusions which they de- 
scribed occurred exclusively in the nuclei of nerve and glial cells. 
Nicolau in 1935 described 4 fatal cases of distemper in which 
cytoplasmic inclusions, similar to those previously described by 
Lentz, were widely distributed, and occurred in cells derived from 
all three types of embryonic tissue. He found nuclear inclusions, 
however, only in glial and nerve cells. 

While canine distemper and its inciting agent are now well recog- 
nized as clinical and virus entities, our knowledge of its histopath- 
ology, as indicated by the above review, is still unsatisfactory. The 
object of this paper is to report the results of studies of the natural 
and experimental disease which we have undertaken in the hope of 
obtaining a more thorough understanding of its cytology and 
histology. 


THE NATURAL DISEASE 
Materials 


This study is based on the findings in 13 fatal cases of distemper in 
young dogs. In order to avoid repetition in description, these dogs 
have been divided into 3 groups, dependent on the important 
clinical features which they manifested. Group I consists of 5 dogs 
that suffered from the so-called catarrhal form of distemper, without 
developing symptoms referable to the central nervous system. 
Group II consists of 7 dogs that suffered from the typical nervous 
form of the disease characterized, in each case, by severe generalized 
convulsions. Of this number, 5 were supplied to us by experienced 
veterinarians who regarded them as typical cases of the nervous 
type of distemper. The other animal, comprising Group III of the 
series, was a 53 weeks old Boston bull puppy which died after an ill- 
ness of about 30 hours. At the onset of illness this puppy was ex- 
tremely nervous and refused all food and water. It rapidly weak- 
ened, became lethargic, and died in coma without evidence of 
paralysis or convulsions. This puppy had one litter-mate and it, too, 
died following a similar illness of short duration. The mother of 
these puppies developed a non-fatal illness, which was probably dis- 
temper, about 10 days before the puppies became affected. 


192 DEMONBREUN 


Gross Pathology 


All of the dogs included in Groups I and II were notably emaciated 
and dehydrated. In each of these cases the thymus was quite 
edematous and the amount of pericardial fluid was slightly increased. 
The mesenteric lymph glands were soft and swollen and the spleen 
was pale and slightly enlarged. In most cases there were small 
punctate hemorrhages in the mucosa of the small and large intes- 
tine, in the pericardium and in the pleura. In 2 of the cases there 
was a rather extensive purulent bronchopneumonia associated with 
fatty degeneration of the liver. In no case did examination of the 
brain reveal anything of significance. 

The dog comprising Group III was in a good state of nutrition. 
Autopsy of this animal also revealed an edematous thymus, an in- 
crease in pericardial fluid, an enlarged pale spleen and soft swollen 
mesenteric lymph nodes. In addition the lungs appeared hemor- 
rhagic. The liver was much enlarged and extremely friable. There 
was a large amount of clear fluid in the peritoneal cavity, and in- 
numerable minute hemorrhages were seen in cut surfaces of the 
brain. 


Histological and Cytological Studies 


Blocks of tissue from the various organs, including in most in- 
stances tissue from representative areas of the brain, and in many 
instances spinal cord and dorsal root ganglia, were fixed in Zenker’s 
fluid containing 5 per cent acetic acid. Microscopic sections of this 
material were stained routinely with hematoxylin and eosin. In a 
few instances, to be designated, special stains were employed. The 
significant histological and cytological findings are recorded below. 

Lungs: The lungs of all the animals in Groups I and II presented 
an interstitial pneumonia that was most distinct about the bron- 
chioles. In these areas the peribronchial tissues and the walls of the 
adjacent alveoli were infiltrated with mononuclear cells. The mucous 
membranes of the larger and medium sized bronchi were slightly in- 
filtrated with mononuclear cells and, in many instances, the mucous 
membranes of the smaller bronchi were completely denuded of epi- 
thelium. Desquamated alveolar epithelial cells were unusually 
abundant in some areas. Even in the 2 cases that presented a defi- 
nite purulent bronchopneumonia there were numerous areas in which 
the above mentioned changes were not obscured by the complicating 
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infectious process. In most cases small areas of hemorrhage were 
noted. In all cases cytoplasmic inclusions were found in both 
bronchial and alveolar epithelial cells. In some bronchi these were 
especially abundant. They were situated in definite vacuoles and 
appeared as well defined, usually round to oval, sometimes elon- 
gated, vacuolated acidophilic bodies most often lying between the 
nucleus and the outer margin of the cell, but sometimes at the oppo- 
site poles of the cell. Not uncommonly as many as three of these 
bodies occurred in a single cell. Their vacuolated appearance and 
well defined contours caused these inclusions to bear a striking re- 
semblance to the Negri bodies of rabies. We regard them as being 
identical with the inclusion bodies previously described by Golgi and 
Sinigaglia and others. Nuclear inclusions were also present, but in 
less abundance, in epithelial cells of the bronchi and of the mucous 
glands. A nucleus which contained this type of inclusion was swollen 
and appeared as a ring of chromatin enclosing a vacuole in which 
was situated the acidophilic inclusion body. These inclusions were 
quite variable in size, but in contrast to the cytoplasmic inclusions 
they were quite irregular in outline and homogeneous. Occasionally 
both cytoplasmic and nuclear inclusions occurred within the same 
cell. 

Sections of the lungs of the puppy in Group III also revealed simi- 
lar cytoplasmic and intranuclear inclusions in bronchial and alveolar 
epithelium. The endothelial cells of the alveolar capillaries were 
considerably swollen and occasionally, within cells of this type, there 
occurred single, homogeneous, acidophilic nuclear inclusions which 
were fairly regular in outline and of a size sufficient to fill half the 
nucleus. 

Because of the constancy with which both nuclear and cytoplas- 
mic inclusions appeared in the bronchial epithelium of dogs that 
died of distemper, their occurrence in these cells was thought to be 
characteristic of the disease. In order to obtain further evidence 
that this is the case we examined microscopic sections of lungs re- 
moved from 18 normal adult dogs and from several other dogs 
suspected of having rabies. These inclusions were not found in any 
of the control animals. 

Liver: The livers of all dogs in Groups I and II showed increased 
cloudy swelling, and three showed a moderate degree of fatty de- 
generation. In some cases there were small areas of focal necrosis in 
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which mononuclear cells occurred. Both cytoplasmic and nuclear 
acidophilic inclusions, similar to those found in bronchial epithelium, 
were present in epithelial cells of the bile ducts in all cases. These 
were abundant in 2 cases, but their presence in the remainder of this 
group was detected only after prolonged search. No inclusions were 
detected in liver cells or Kupffer cells. Focal necrosis was somewhat 
more pronounced in the liver of the puppy of Group III. A striking 
feature in this liver was the presence of acidophilic nuclear inclusions 
within the liver cells and Kupffer cells. Almost every liver cell, and 
the great majority of the Kupffer cells, contained a single, large, 
homogeneous, fairly sharply outlined, round to oval inclusion which 
was usually centrally located. These inclusions lay in vacuoles that 
pushed the basophilic nucleoli to one side, frequently against the 
condensed peripheral ring of chromatin that appeared to form the 
wall of the swollen nucleus. 

Spleen: The spleens from all cases in this series showed enlarged 
malpighigian follicles composed almost entirely of a central mass of 
pale staining, proliferating mononuclear cells. The lymphoid tissue 
was notably reduced in amount and confined to the periphery of the 
follicles. Many of the mononuclear cells were necrotic; others con- 
tained the remains of phagocytosed red and white cells. Usually 
within each follicle there occurred from one to a half-dozen or more 
mononuclear cells with swollen, irregularly shaped nuclei that con- 
tained acidophilic inclusions similar in every way to those in the 
Kupffer cells of the liver of the puppy of Group III. Occasionally 
these inclusions were detected in endothelial cells lining the sinus- 
oids. Small hemorrhages were occasionally seen in both follicles and 
splenic pulp. 

Mesenteric Lymph Nodes: In all cases of this series the reticulo- 
endothelial cells of the mesenteric lymph nodes, as in the spleens, 
showed considerable activity and a diminution of lymphocytes. 
Nuclear inclusions in the reticulo-endothelial cells, identical with 
those occurring in the spleen, were constantly detected, usually in 
abundance. Also, in the cytoplasm of these cells small, red staining, 
sometimes vacuolated bodies have been frequently detected, but as 
yet we have been unable to differentiate them satisfactorily from 
fragmented red cells. 

Intestine and Stomach: Minute hemorrhages were frequently ob- 
served in the mucous membranes of the stomach and intestine but 
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definite ulceration did not occur. From 1 dog a section of colon, 
which at autopsy contained a large amount of bloody mucus, showed 
an extensive infiltration of the submucosa by mononuclear cells, 
many of which contained nuclear inclusions. Also, nuclear inclusions 
were detected in glandular epithelial cells of the colon and in the 
chief cells of the gastric mucosa of this dog and 1 other. 

Central Nervous System: Sections of the spinal cord from dogs in 
Groups I and II and of the dorsal root ganglia of those in Group II 
revealed nothing of significance. In 1 case the meninges covering the 
cerebellum near the brain stem were infiltrated with mononuclear 
cells, some of which contained nuclear inclusions similar to those 
occurring in endothelial cells of the spleen and the lymph nodes. In 
the underlying cerebellar tissue, as far as the line of Purkinje cells, 
there was definite proliferation of both neuroglial and microglial 
cells, and in each of these types of cells both nuclear and cytoplasmic 
inclusions were detected, usually in the same cells. The nuclear in- 
clusions appeared as single, acidophilic homogeneous bodies often 
quite irregular in outline and easily demonstrable in hematoxylin and 
eosin preparations. The cytoplasmic inclusions, of which as many as 
three were sometimes seen in a single cell, appeared as small, 
vacuolated acidophilic bodies. They were shown to better advantage 
in preparations stained with Goodpasture’s carbol aniline fuchsin 
and with Wright’s stains. In preparations stained by the latter 
method vacuoles and definite inner bodies, such as those occurring 
in Negri bodies, could be detected. Inclusions in nerve cells were 
not noted in this case. 

In 2 other cases of Group II, however, both types of inclusions 
were detected in nerve cells, as well as in neuroglia and microglia. 
The nerve cells showed evidences of degeneration with neuronopha- 
gia. In 1 dog the lesion was detected in Ammon’s horn, and in the 
other in the basis pedunculae on one side. In these 2 cases the 
meninges and choroid plexuses appeared normal. Significant findings 
were not detected in sections of the central nervous systems of the 
other 2 dogs in Group II.* Sections from all parts of the brain and 
cord of the dog of Group III showed numerous minute hemorrhages 
with swelling and some proliferation of the capillary endothelial 

* Recently we have found cytoplasmic and nuclear inclusions in three additional 


brains of dogs with the nervous form of distemper. This strengthens our belief that 
focal lesions of this type are characteristic of this form of the disease. 
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cells. Some of these swollen endothelial cells contained nuclear in- 
clusions identical with those seen elsewhere in endothelial cells. No 
inclusions were found in nerve cells in this case. 

Other Organs: The kidneys of all the animals in this series showed 
considerable cloudy swelling. In the case of the puppy of Group III 
from one to four endothelial cells of every glomerular tuft were seen 
to contain nuclear inclusions. An occasional medullary cell of the 
adrenals in this case also contained a nuclear inclusion. 


THE EXPERIMENTAL DISEASE 
Materials and Methods 


Because distemper is so prevalent, most full-grown and many 
half-grown dogs have had the disease and are, therefore, immune. 
Realizing this we used in our experiments very young puppies from 
3 to 10 weeks old and obtained as far as possible from the surround- 
ing country districts. Only healthy puppies in good physical con- 
dition were used.* Following this plan practically all animals used 
proved to be susceptible to distemper. In order to avoid, as far as 
possible, the complication of spontaneous infection in the experi- 
mental animals they were inoculated immediately after being 
brought into the laboratory, usually with large doses of virus. 
Puppies that received a large amount of virus developed a fatal 
disease which ran a very rapid course. In cases where small amounts 
of virus were injected, because of the longer course of the disease, 
the animals were isolated and cared for by a special attendant. 
Cages and vessels used for food and water were sterilized in an auto- 
clave. 

The strain of virus largely used in this study was obtained from 
the spleen of the Boston bull puppy of Group III. It is to be recalled 
that the disease in this animal ran a very acute course, and at 
autopsy nuclear inclusions were found in great abundance ih liver 
cells, Kupffer cells and in endothelial cells elsewhere. In all, a total 
of 53 dogs have been injected with this strain. Approximately half 
of this number were injected intraperitoneally with suspensions of 

* During the extremely hot weather prevalent in this community during the last 
few weeks it became increasingly difficult to obtain puppies that were not already suffer- 
ing from distemper. For that reason this investigation has been suspended until cooler 


weather when, it is believed, an adequate supply of susceptible animals will again be 
available. 
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liver tissue containing the virus in order to propagate the strain and 
to obtain material for histological examination. Using this method 
this strain of virus has been carried through 16 generations. In 
addition the same virus was injected by a variety of routes. 

One other strain was used only to establish its identity with the 
strain already mentioned. The second strain was obtained from the 
lung of a dog that had the typical nervous form of distemper. In 
addition to numerous cytoplasmic and nuclear inclusions in the 
bronchial epithelium of this dog, both cytoplasmic and nuclear in- 
clusions were present in the brain in nerve cells, microglia and 
neuroglia. Also, there were nuclear inclusions in reticulo-endothelial 
cells of the spleen and mesenteric lymph nodes, but no inclusions 
were detected in liver cells. One cc. of a 15 per cent emulsion of lung 
tissue of this animal was injected intravenously into a small puppy. 
Eight days later, when the puppy died, autopsy revealed nuclear in- 
clusions in the liver cells and Kupffer cells, and the other features 
presented by puppies that had received intravenous injections of the 
first strain of virus. The second strain was injected in large amounts, 
in series, into 2 other puppies with the same results. This strain was 
then discarded as it seemed that the two strains were identical. 


Experiments and Descriptions of Gross and Microscopic Pathology 
Intraperitoneal Injections 


During the course of these experiments 17 young puppies were 
inoculated intraperitoneally with saline suspensions of fresh liver 
containing nuclear inclusions in liver cells and Kupffer cells. The 
amounts injected varied from o.5 to 4 cc. of a 15 per cent suspension. 
Puppies that received the larger amounts of virus usually appeared 
normal for 24 hours or so after inoculation. They then became rest- 
less and refused all food and water. After remaining in this condition 
for 24 to 48 hours they passed rapidly into coma. Death usually 
occurred during the 3rd day following inoculation. At autopsy it 
was the rule to find a cloudy, bacteria-free peritoneal fluid, some- 
times in considerable amount. The peritoneal surfaces were, for the 
most part, covered by a fibrinous exudate. The liver was much en- 
larged and very friable and its lobes were plastered together with 
exudate. The spleen was also enlarged and quite pale. The mesen- 
teric lymph glands were extremely swollen and, at times, hemor- 
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rhagic. Small hemorrhages in the mucosa of the stomach and in- 
testines, and in the lungs, were quite common. 

With the exception of the evidences of peritonitis, the histological 
and cytological findings in these animals were almost identical with 
those found in the puppy that died of the natural disease, and served 
as the source of virus used in these experiments. In sections of in- 
testine, diaphragm, and other structures that contained peritoneum, 
many serosal cells were seen containing nuclear inclusions similar to 
those in endothelial cells of the natural case. Serosal cells, often 
containing nuclear inclusions, were seen wandering into the under- 
lying tissues, especially in such loose tissue as the subserosa of the 
intestine and the diaphragm. The cellular elements of the exudate 
present on the peritoneal surface consisted of mononuclear cells and 
polymorphonuclear leukocytes in about equal proportions. The 
liver cells were swollen and, in some cases, practically all contained 
nuclear inclusions. The Kupffer cells were also swollen, showed evi- 
dences of proliferation, and the majority contained nuclear inclu- 
sions. The portal areas were infiltrated with mononuclear cells, 
some of which also contained inclusions. Inclusions were not present 
in bile duct epithelium. In some instances the liver cells contained 
an abundance of fat globules but necrosis was uncommon. 

The microscopic pathology of the spleens, mesenteric lymph 
nodes, lungs and kidneys of these puppies was identical with that de- 
scribed in the puppy from which the strain of virus was obtained, 
and nuclear inclusions were detected, usually in abundance, in 
endothelial cells of these organs. Occasional nuclear inclusions also 
occurred in medullary cells of the adrenals. The meninges in all 
cases appeared normal, but occasionally a few microscopic hemor- 
rhages were seen in the brain and spinal cord. Usually, in such cases, 
the vascular endothelium of the capillaries of the brain appeared 
swollen and occasionally contained nuclear inclusions. Puppies that 
received smaller intraperitoneal injections of virus usually lived 8 to 
15 days, and in these animals necrosis of liver cells, commonly of a 
midzonal distribution, was pronounced. The necrotic areas were 
frequently heavily infiltrated with mononuclear cells. Regeneration 
of liver cells was often evident. Nuclear inclusions were usually de- 
tected in liver cells and Kupffer cells. It is our impression that the 
inclusions persist longer in endothelial cells than in liver cells. They 
were found in endothelial cells of the spleen and lymph nodes in all 
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cases, although in a few they were not found in liver cells or Kupffer 
cells. 

One puppy was given an intraperitoneal injection of 3 cc. of urine 
obtained at autopsy of a puppy that died 3 days after virus-contain- 
ing liver was injected into the subcutaneous tissue of the abdomen. 
This puppy died 18 days later. Microscopic sections revealed nu- 
clear inclusions in endothelial cells of the spleen and mesenteric 
lymph nodes; but unlike cases of the natural disease, inclusions 
were not detected in liver cells, Kupfier cells or bronchial epi- 
thelium. 

Another puppy was given an intraperitoneal injection of 5 cc. of 
blood obtained from a moribund puppy that had, 15 days previously, 
been injected with a Berkefeld filtrate of liver tissue that contained 
numerous inclusions. For approximately 2 weeks before it died, 72 
days after inoculation, this puppy was extremely spastic throughout, 
exhibited a lateral nystagmus and a tendency to turn the head to 
one side. Autopsy revealed the features already described in puppies 
that received smaller intraperitoneal injections of virus. In addition 
a lesion responsible for the neurological signs was found in the brain. 
In the lower medulla this lesion was largely in the dorsolateral por- 
tion of the medulla in the region occupied by the spinocerebellar 
paths. On one side it extended as far ventrally as the inferior olive 
and as far dorsally as the restiform body. On the opposite side the 
lesion was smaller and neither the olive nor the restiform body was 
appreciably involved. In the pontine region the brachia pontis were 
extensively involved and the pons itself to some extent. In the 
mesencephalon the lateral and medial portions of each basis pedun- 
culae as high as the internal capsule showed extreme destruction. 
There was na obvious involvement of the corticospinal paths. In the 
involved area both neuroglia and microglia were greatly increased in 
numbers, and the latter were filled with lipoid globules. Nerve cells, 
where present, were in various stages of degeneration. Nuclear and 
cytoplasmic inclusions identical with those found in the brains in 
some of the cases of natural distemper of the nervous type were 
found in neuroglial, microglial and nerve cells. The overlying 
meninges and the tela choroidea were heavily infiltrated with 
mononuclear cells, many of which contained nuclear inclusions. 
Thrombi were not found in any of the vessels, but some vessels were 
almost occluded by swollen, proliferating endothelial cells. Many 
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large mononuclear cells were seen infiltrating the tissues surrounding 
some blood vessels. 


Intravenous Injections 


Three puppies were injected intravenously, 2 with 1 cc. of a 15 
per cent saline suspension of liver, and 1 with 1 cc. of a 15 per cent 
saline suspension of spleen. The inoculum, in each instance, was 
rich in virus, as indicated by the presence of large numbers of inclu- 
sions. All 3 of the puppies died in from 36 to 48 hours after inocula- 
tion and at autopsy all showed increased vascular lesions in the 
brain and cord, characterized by proliferation of endothelial cells 
and innumerable minute hemorrhages. Nuclear inclusions were 
abundant in endothelial cells of the capillaries of the brain, spinal 
cord, lung, in reticulo-endothelial cells of the spleen, mesenteric 
lymph nodes, glomerular tufts of the kidney and in Kupffer cells 
and liver cells. These inclusions were also found in cells of the endo- 
cardium and in cells lining large vessels in the lungs, and in some in- 
stances in large mononuclear cells (not desquamated endothelium) 
lying free in large blood spaces in the adrenal and elsewhere. No 
inclusions were present in bronchial or bile duct epithelium. In each 
case there was a considerable amount of clear fluid in the peritoneal 
cavity, but inclusions were not detected in the serosal cells of the 
peritoneum. Sections of bone marrow from the femur of these 
animals showed extensive necrosis with great proliferation of the 
reticulo-endothelial cells and a corresponding diminution of red 
blood cell elements. The destructive action of the virus on mega- 
karyocytes was particularly notable. 

Each of 2 full-grown dogs was given an intravenous injection of 
4 cc. of a 15 per cent saline suspension of liver tissue that contained 
many nuclear inclusions in liver cells and Kupffer cells. They were 
observed for a period of 10 weeks and at no time did they show evi- 
dences of infection. It was concluded that these animals were 
immune to distemper because of previous natural infection. 


Intracerebral Injections 
Three puppies were inoculated intracranially with 1 cc. amounts 
of a 15 per cent suspension of liver rich in virus. All died approxi- 
mately 48 hours later. At autopsy the histological and cytological 
changes observed were identical with those seen in dogs that re- 
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ceived large doses of virus intravenously. In addition, the meninges 
of these animals were heavily infiltrated with mononuclear cells, 
many of which contained nuclear inclusions. In these cases nuclear 
inclusions were observed also in the ependymal cells lining the 
ventricles of the brain. 


Intraneural Injections 


In an attempt to determine whether or not the virus reaches the 
central nervous system along nerve pathways, a sciatic nerve of each 
of 2 puppies was exposed and inoculated with a small amount of a 
saline suspension of liver that contained nuclear inclusions in large 
numbers. In each instance while the injection was being made a 
small amount of the inoculum escaped into the tissues surrounding 
the nerve. The operative wounds healed rapidly but both animals 
died of distemper 18 days later without showing symptoms referable 
to the nervous system. In each case sections of the injected nerve, 
dorsal root ganglia, spinal cord and brain failed to reveal any evi- 
dence of virus activity. Nuclear inclusions, however, were found in 
endothelial cells of the spleen and mesenteric lymph nodes. 


Intratracheal and Intranasal Inoculations 


Three puppies were inoculated intratracheally with the virus. In 
another case the virus was instilled into the nose of a puppy. All 
died within 15 to 21 days after the inoculations. The microscopic 
pathology in these cases was identical with that already described in 
the young dogs of Group I that died of the natural disease. In each 
case there was a definite interstitial pneumonia, and both nuclear 
and cytoplasmic inclusions were numerous in the bronchial epi- 
thelium. Purulent bronchopneumonia did not occur. 


Subcutaneous and Intradermal Inoculations 


One puppy was inoculated subcutaneously in the abdominal wall 
with 1 cc. of a 15 per cent saline suspension of liver tissue rich in 
virus. The following day the entire anterior abdominal wall was 
edematous and somewhat reddened. The edema and redness per- 
sisted until the animal died 3 days later. At autopsy the tissues 
about the injected site were heavily infiltrated with polymorphonu- 
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clear leukocytes and mononuclear cells, the latter of which, in many 
instances, contained nuclear inclusions. There were small areas of 
focal necrosis in the liver and many nuclear inclusions were present 
in liver cells, Kupffer cells, and in endothelial cells of the spleen, 
mesenteric lymph nodes and lung capillaries. 

Another puppy was given multiple intradermal injections of a 
similar suspension in the abdominal skin. Twenty-two hours later, 
when the injected sites appeared swollen and slightly ulcerated, one 
of the lesions was excised for histological examination. It showed a 
small abscess containing polymorphonuclear leukocytes, mononu- 
clear cells and débris. The underlying dermis was edematous and 
invaded by mononuclear cells, in some of which nuclear inclusions 
were present. In addition the endothelial cells lining the lymphatics 
were swollen and often contained nuclear inclusions. Another lesion 
removed 48 hours after inoculation showed a larger area of necrosis, 
which extended well down into the dermis but otherwise appeared 
similar to the earlier lesion. This animal died 25 days after inocula- 
tion. Autopsy revealed areas of focal necrosis in the liver, but inclu- 
sions were found only within nuclei of endothelial cells of the spleen 
and mesenteric nodes. 

In another case virus-containing liver was thoroughly rubbed into 
a small scarified area of the skin of a young puppy. The inoculated 
area became reddened and slightly edematous and exuded serum 
for a few days. This animal never appeared definitely ill. Approxi- 
mately 2 months after the skin inoculation it was given an intra- 
venous injection of 4 cc. of a saline suspension of liver rich in virus. 
The animal proved to be immune. 


Feeding Experiments 


Each of 2 puppies was fed a portion of milk containing 10 cc. of a 
thick suspension of virus-containing liver. One died 9 days, and the 
other 10 days later. Autopsy revealed many small hemorrhages in 
the mucosa of the intestine and colon and sections of these organs 
revealed the submucosa to be infiltrated heavily with mononuclear 
cells, many of which contained nuclear inclusions. Similar inclusions 
were detected in small numbers in glandular epithelium of the 
stomach and intestine. Nuclear inclusions were present in unusual 
abundance in reticulo-endothelial cells of the mesenteric lymph 
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nodes, in less abundance in reticulo-endothelial cells of the spleen, 
and were rare in Kupffer and liver cells. 


Filtration Experimenis 


Six animals, including 2 controls, were used in filtration experi- 
ments. In one experiment a 15 per cent saline suspension of virus- 
containing liver was centrifuged at high speed for 15 minutes. The 
supernatant fluid was passed through a Berkefeld N filter. The fil- 
trate, proved by cultures to be bacteria-free, was injected intra- 
venously into 2 puppies, 1 being given 5 cc., the other, to cc. 
Another puppy was injected intravenously with 1 cc. of the original 
liver suspension. The control animal died 3 days later and at 
autopsy presented the findings already described in cases where the 
virus was injected intravenously in large amounts. The puppy that 
received 5 cc. of the filtrate was killed while in a moribund state 15 
days after inoculation. Microscopic sections revealed nuclear inclu- 
sions, somewhat smaller than those usually seen, in liver cells and 
Kupffer cells. Similar inclusions were also present in reticulo-endo- 
thelial cells of the spleen and mesenteric lymph nodes. There was a 
lesion in the brain involving Ammon’s horn and the basis pedunculae 
of the mesencephalon on one side. The histological features of this 
lesion were similar to those already described under the subheading 
‘intravenous injections” as occurring in the puppy that received an 
intravenous injection of 5 cc. of blood obtained from this animal. In 
this lesion both cytoplasmic and nuclear inclusions were unusually 
prominent in neuroglia, microglia and nerve cells. In some nerve 
cells, usually in association with nuclear inclusions, cytoplasmic in- 
clusions were most numerous, sometimes as many as 20 being seen 
in a single cell. They appeared as vacuolated, acidophilic bodies of 
varying size often undergoing fusion to form larger bodies of irregular 
but sharply defined outline. Many appeared indistinguishable from 
Negri bodies. But the presence of associated nuclear inclusions, 
usually in the same nerve cells, and also in glial cells, served to 
differentiate the lesion from rabies. 

In the second filtration experiment peritoneal fluid fro n a puppy 
that died after receiving an intraperitoneal injection of a large 
amount of virus was centrifuged at high speed for 15 minutes. The 
supernatant fluid was passed through a Berkefeld N filter. Six cc. 
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of this filtrate, proved by culture to be bacteria-free, was injected 
intravenously into a puppy. The animal died 3 days later and, as in 
the case of a control puppy inoculated intravenously with a 3 cc. 
portion of the unfiltered peritoneal fluid, the autopsy findings were 
identical with those already described as occurring in dogs and 
puppies that died after being injected intravenously with a large 
amount of virus. Another puppy was inoculated intracranially with 
1.5 cc. of the filtrate. This animal took very little food and was 
definitely ill for a week after the inoculation, but it soon recovered 
and now, approximately 3 months after inoculation, appears normal. 


Viability of the Virus 

As determined by intraperitoneal inoculation of puppies, the virus 
contained in liver tissue showed no appreciable deterioration after 
storage at a temperature of 10° C. for a period of 35 days. Such 
material, after storage at the same temperature for 85 days, was 
apparently non-infectious. The virus in liver tissue preserved in 
equal parts of glycerin and physiological salt solution and stored at 
10° C. for 67 days, though partially deteriorated, proved capable of 
inducing the infection. Liver tissue containing the virus, after being 
dried in vacuo over phosphorus pentoxide, sealed in ampoules and 
stored at 10° C. for go days also proved infectious. 


DISTEMPER IN FERRETS 


While our studies on distemper in ferrets have not, up to the 
present time, been extensive, we have made observations concerning 
the disease in this animal which we believe are worthy of record. 

A fitch ferret was inoculated intraperitoneally with 2 cc. of a 15 
per cent saline suspension of dog liver rich in distemper virus. Dur- 
ing the following 2 weeks the animal appeared normal. It then be- 
came unusually drowsy and ate very little. On the 25th day after 
the inoculation it had a notable purulent conjunctivitis, the lips and 
foot-pads were swollen and crusty, and superficial ulcers were 
present in the abdominal] skin. The animal then developed a flaccid 
paralysis in both lower extremities and died 4 days later. Autopsy 
revealed an extensive interstitial pneumonia, similar to that seen in 
dogs with the natural disease, and a superimposed purulent broncho- 
pneumonia. Both nuclear and cytoplasmic inclusions occurred in 
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abundance in epithelial cells of the trachea, bronchi and pulmonary 
alveoli. The liver showed increased fatty degeneration but no necro- 
sis. Inclusions were occasionally seen in the nuclei of liver cells and 
Kupffer cells, but the great majority of the epithelial cells of the bile 
ducts contained within their nuclei, single, irregularly shaped, 
homogeneous acidophilic inclusions, and from 1 to 3 sharply defined, 
usually round to oval, vacuolated eosinophilic inclusions in their 
cytoplasm. Both types of inclusions appeared similar to the corre- 
sponding types seen in bronchial and alveolar cells. Nuclear inclu- 
sions were also fairly abundant in endothelial cells of the spleen and 
swollen mesenteric lymph nodes. In sections of the brain, particu- 
larly those from Ammon’s horn, nuclear and cytoplasmic inclusions 
similar to those encountered in the brains of some dogs were found. 
/ Sections of the tongue, lips, abdominal skin and foot-pads showed 
' small intradermal abscesses filled mainly with polymorphonuclear 
\ leukocytes. Nuclear and cytoplasmic inclusions, such as those 
present in the epithelium of bronchi and bile ducts, occurred in the 
surrounding epithelial cells in large numbers, indicating a definite 
etiological relationship of the virus to these lesions. 

Not realizing at the time the extreme susceptibility of the ferret to 
distemper, the single ferret inoculated was kept in a separate cage 
but in the same room with 5 other ferrets. About 6 days after the 
inoculated animal developed conjunctivitis and swelling of the lips, 
4 of the 5 stock ferrets developed similar symptoms and all died 
within 6 to 8 days without showing symptoms referable to the central 
nervous system. The 5th animal failed to contract the disease. 
Autopsy of the animals that died of the contact infection revealed 
findings similar to those encountered in the inoculated animal, with 
the exception that there were no definite lesions in the brain and no 
inclusions in the nuclei of the liver cells or Kupffer cells. 


SUSCEPTIBILITY OF THE CHORIO-ALLANTOIC MEMBRANE OF 
CuIcK EMBRYOS TO THE VIRUS 


In preliminary experiments we have secured evidence that the 
chorio-allantoic membrane of chick embryos can be infected with the 
virus of distemper. In microscopic sections of membranes of 12 day 
old embryos obtained 48 hours after their inoculation with virus- 
containing liver we have observed evidence of virus activity, as 
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indicated by nuclear inclusions in ectodermal cells and in large 
mononuclear cells infiltrating the mesodermal layer. Our studies in 
this connection are not as yet extensive enough to enable us to give a 
detailed description of these lesions. Also, further studies are re- 
quired to determine whether or not the virus can be propagated in 
series in this medium. 


DISCUSSION 


The series of young puppies that died of naturally acquired dis- 
temper included cases with and without symptoms referable to the 
central nervous system. In every animal of this series (13 in num- 
ber) lesions were observed in the lungs, spleen and mesenteric lymph 
nodes, which we regard as characteristic of distemper. In the lungs 
there is an interstitial] pneumonia, such as that produced by a variety 
of viruses, in which the alveolar walls and peribronchial tissues are 
infiltrated with large mononuclear cells. Desquamation of epi- 
thelium of the smaller bronchi is usually extensive. The specificity 
of this particular lesion is indicated by the presence of cytoplasmic 
and nuclear inclusions in the bronchial and alveolar epithelium. 
These inclusions have been observed in the experimental disease 
only in those cases where the virus was introduced by way of the 
respiratory tract. The constancy with which they occur in cases of 
the natural disease indicates that the common portal of entry is the 
respiratory tract. Because we succeeded in inducing the disease 
with intradermal and subcutaneous inoculations of the virus, and 
because the virus has been proved by other investigators to be 
present in the saliva of dogs with distemper, there may be occasional 
cases where the disease is transmitted to a susceptible animal by the 
bite of an infected dog. 

In the spleen, in both the natural and the experimental disease, 
there is a follicular necrosis, proliferation of reticulo-endothelial cells 
and nuclear inclusions in some of these cells, usually in those within 
the follicles. The same type of inclusion occurs in reticulo-endothe- 
lial cells of the swollen mesenteric lymph nodes. In all cases of the 
natural disease, except one, nuclear and cytoplasmic inclusions, 
similar to those occurring in bronchial epithelium, were found in bile 
duct epithelium. In 2 cases these inclusions were abundant, but in 
the others they were detected only after prolonged search. In the 
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experimental disease inclusions were not present in the bile duct 
epithelium. 

In the case of the young puppy (Group ITI) that died of an acute 
fulminating type of the disease, and from which the strain of virus 
largely used in our experimental studies was obtained, the great 
affinity of the virus for vascular endothelium and cells of the reticulo- 
endothelial system is well demonstrated. Also, in this case most of 
the liver cells contained nuclear inclusions, the occurrence of which 
has not heretofore been reported in canine distemper. Cowdry and 
Scott,’ however, described similar inclusions in liver cells and Kup- 
ffer cells in 2 of Dieckmann’s experimental dogs in which distemper 
was not suspected. It seems probable, in the light of our observa- 
tions, that these investigators were dealing with dogs suffering from 
distemper. The microscopic pathology of our case under discussion 
was quite similar to that of the so-called ‘‘epizoétic fox encephalitis’”’ 
of Green, as described by Green, Ziegler, Green and Dewey.*4 These 
investigators did not mention the occurrence of nuclear and cyto- 
plasmic inclusions in bronchial and pulmonary alveolar cells which 
we have constantly observed in dogs dying from naturally acquired 
distemper. Lately, in a further study of the fox disease, Green and 
his co-workers* have observed nuclear inclusions, but not cytoplas- 
mic inclusions, in epithelial cells of the upper respiratory tract of 
foxes dying from the natural disease. In cases where the disease was 
induced in foxes by closed injections of virus, these inclusions were 
detected only when the experimental disease ran a prolonged course. 
Green and Shillinger* transmitted the fox disease to dogs and ex- 
pressed the opinion that the disease probably occurs naturally in 
these animals. Green and Dewey”’ could not infect ferrets with the 
virus of fox encephalitis but, like Dunkin and Laidlaw,’ they found 
these animals highly susceptible to canine distemper. They found 
that injections of fox encephalitis virus into ferrets gave no im- 
munity against subsequent injections of canine distemper virus. The 
single ferret that was injected with our strain of virus became sick 
after a rather prolonged incubation period and the possibility of a 
spontaneous infection cannot be ruled out. With the exception of 
the abscesses in the lips, tongue, abdominal wall and foot-pads, the 
histological and cytological features presented by this animal have 
all been observed by us in dogs that died of experimental distemper. 
Among these was the brain lesion characterized by degeneration of 
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neurons and the presence of both nuclear and cytoplasmic inclusions 
in neurons and glial cells. Brain lesions were not observed in the 4 
ferrets that developed the disease by contact, but otherwise the 
autopsy findings in these animals were identical with those observed 
in the experimental animal. 

The virus of distemper is evidently cytotropic and cells derived 
from all three germinal layers are susceptible to it, judging from the 
presence in them of inclusions. The extensive involvement of endo- 
thelium indicates that the virus spreads in the tissues of its host 
mainly by way of the blood stream. Attempts to demonstrate its 
passage along nerve pathways have failed. In the brain lesions found 
in 3 cases of the natural disease, in 2 cases of the experimental disease 
in puppies, and in 1 ferret inoculated with the virus, there were per- 
sistent vascular lesions characterized by proliferation of endothelium 
and perivascular mononuclear cell infiltration with both nuclear and 
cytoplasmic inclusions in neurons and glial cells. In many instances 
the cytoplasmic inclusions appeared indistinguishable from Negri 
bodies. The presence of the associated nuclear inclusions offers a 
better basis of differentiation between the two than differences in 
morphology and staining reactions. Lesions of this type occurring in 
the brains of some dogs in the late stages of the disease undoubtedly 
arise secondarily to the earlier, acute vascular lesions, and this 
probably accounts for their varied distribution in different cases. 
Because the highly specialized cells of the brain are less frequently 
affected by the virus they are presumably not involved as quickly as 
other cells, such as those of endothelium, and it seems that the ner- 
vous type of lesion is to be expected only in those animals whose 
immunological response to the virus is rather slow. Lesions of this 
type were probably present in the brains of all 5 of the dogs that died 
of the natural disease with symptoms of the nervous type of dis- 
temper, but in 2 instances they escaped detection. 

Several clinical types of distemper have been described, such as 
catarrhal, nervous or encephalitic, intestinal and tegumentary. We 
have described another type which we propose to call the acute en- 
cephalitic or, more properly, the acute encephalomyelitic type, 
which is a rapidly fulminating form of the disease characterized by 
extensive involvement of vascular endothelium by the virus, 
particularly that of the brain and cord, and of reticulo-endothelial 
cells and liver cells. This type of the disease may be fairly common 
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in very young puppies but passes unrecognized, perhaps, because it 
runs such a short course. 

Some investigators are of the opinion that different strains of 
virus are responsible for the various clinical types of the disease. 
Judging from our observations in the study of both the natural and 
the experimental disease, the catarrhal features are present in every 
case, but in many cases are overshadowed by more outstanding 
symptoms referable to some system other than respiratory. With a 
single strain of virus we have reproduced the catarrhal form of the 
disease in some animals, the well known nervous type in others, and 
in still others the less well known acute encephalitic type. Also, in 
the gastro-intestinal tracts, particularly in the colon of some of the 
experimental animals, there were definite evidences of virus activity, 
a feature we believe is responsible for the diarrhea, a predominant 
symptom in dogs suffering from the intestinal form of the disease. 
Abscesses of the abdominal wall did not occur in our experimental 
puppies and they were seldom observed in the animals that died from 
the natural disease. Because abscesses of the lips, tongue and ab- 
dominal wall were an outstanding clinical feature of the disease in 
ferrets, and since both nuclear and cytoplasmic inclusions occurred in 
abundance in the epithelium adjacent to these abscesses, we feel 
sure that these lesions, as well as similar lesions in the dog, when they 
occur, are initiated by the virus. 

The virus of canine distemper is one of the few viruses capable of 
producing both cytoplasmic and nuclear inclusions. Others known 
to be capable of bringing about a response on the part of both 
nucleus and cytoplasm are those of smallpox (Councilman, Magrath, 
and Brinckerhoff paravaccinia (Lipschiitz and alastrim 
(Torres and Teixeira *°), all of which are regarded by some investi- 
gators as being closely related or possibly modified forms of the same 
virus. 

The nuclear inclusions of distemper, like those occurring in many 
other virus diseases, are acidophilic homogeneous bodies. The cyto- 
plasmic inclusions are also acidophilic but contain well defined 
vacuoles and, as emphasized by Golgi and Sinigaglia, who demon- 
strated inner structures within them, they are indistinguishable 
from Negri bodies on the basis of morphology and staining reactions. 
In the brain, however, the lesions of the two diseases may be differen- 
tiated histologically by the presence of associated nuclear inclusions 
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and by the absence of extensive inflammatory reaction in distemper. 
As Negri bodies are known to occur only in nerve cells, cytoplasmic 
inclusions occurring in other types of cells should not cause con- 
fusion. 


SUMMARY AND CONCLUSIONS 


1. The most important literature on canine distemper is reviewed. 

2. Ina histological and cytological study of both the natural and 
the experimental disease in puppies, lesions that we believe to be 
characteristic of the disease are described. 

3. The virus of canine distemper has a definite affinity for vascu- 
lar endothelium and for cells of the reticulo-endothelial system. 

4. The virus spreads in the body of the host mainly by way of the 
blood stream. We have obtained no evidence that it passes along 
the nerve pathways. 

5. The natural route of infection is by way of the respiratory 
tract. 

6. The occurrence of nuclear inclusions, heretofore unreported, in 
liver cells, bronchial epithelial cells, glandular cells of the stomach 
and intestine, and bile duct epithelial cells, and cytoplasmic inclu- 
sions in bile duct epithelial cells are described. 

7. A heretofore unreported clinical type of the disease with a 
characteristic microscopic pathology is described and has been 
reproduced in puppies. 

8. Various clinical types of the disease have been induced in 
puppies with a single strain of virus. 

g. The histopathology and cytology of the disease in dogs and 
ferrets are quite similar. 
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DESCRIPTION OF PLATES 


PLATE 27 


Fic. 1. Section of lung of dog that died of naturally acquired distemper. Note 
the interstitial pneumonia. Epithelium of smaller bronchi is desquamated. 
Hematoxylin and eosin stain. x 46. 

Fic. 2. Bronchial epithelium in section of lung shown in Fig. 1. Note the vacuo- 
lated, cytoplasmic inclusions. Hematoxylin and eosin stain. x 1400. 
Fic. 3. Same as Fig. 2, but a nuclear and cytoplasmic inclusion within the same 

cell. Hematoxylin and eosin stain. x 1400. 

Fic. 4. Section of spleen of dog that died of naturally acquired distemper. Note 
necrosis within follicles and proliferation of mononuclear cells. This lesion 
occurred constantly in both the experimental and the natural infection. 
Hematoxylin and eosin stain. x 46. 

Fic. 5. Nuclear inclusion in reticulo-endothelial cell of spleen shown in Fig. 4. 
Hematoxylin and eosin stain. x 1400. 
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PLATE 28 


Fic. 6. Section of liver of puppy that died 8 days after receiving an intraperi- 


Fic. 


Fic. 


Fic. 


toneal injection of virus. Note the extensive areas of focal necrosis which 
contain many large mononuclear cells. Examination under high power lens 
reveals only an occasional inclusion in liver and Kupffer cells. Hematoxylin 
and eosin stain x 46. 

7. Section of liver of puppy that died approximately 72 hours after receiv- 
ing an intraperitoneal injection of virus. Almost every liver cell contains a 
nuclear inclusion. One Kupffer cell containing a nuclear inclusion is seen at 
the edge of a sinusoid half-way between the center and right border of the 
photograph. There is remarkably little necrosis. Hematoxylin and eosin 
stain. 750. 

8. Section of colon of a dog that died of the natural infection. Note the 
nuclear inclusion in one glandular cell of the mucosa. Hematoxylin and 
eosin stain. x 1400. . 


9. Section of skin removed from puppy 22 hours after intradermal inocula- 
tion of virus. Note nuclear inclusions in endothelial! cells of lymphatics. 
Hematoxylin and eosin stain. x 1400. 
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PLATE 29 


10 Section of brain of puppy that died approximately 48 hours after re- 
ceiving an intravenous injection of distemper virus. Note proliferation of 
vascular endothelium and multiple small hemorrhages. Section of brain of 
1 puppy that died of the natural infection and which was the source of the 
strain of virus largely used in our experiments showed similar lesions. 
Hematoxylin and eosin stain. x 46. 


11. Higher magnification of capillary shown near center of Fig. 10. Note 
the nuclear inclusion in one of the swollen endothelial cells and the extrava- 
sated blood in the Virchow-Robin space. Hematoxylin and eosin stain. 
X 1400. 


12. Another longitudinally cut capillary from section shown in Fig. to. 
Two endothelial cells contain well defined inclusions. Hematoxylin and 
eosin stain. xX 1400. 
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PLATE 30 


13. Section taken from the mesencephalon of a puppy that died 72 days 
aiter receiving an intraperitoneal injection of 5 cc. of blood from a moribund 
puppy that had, 15 days previously, been injected with a Berkefeld filtrate 
of liver tissue containing numerous nuclear inclusions. Note the lesions 
which appear as light areas in each basis pedunculae. Phosphotungstic 
acid hematoxylin stain. x 4. 


14. Higher magnification of one of the lesions shown in Fig. 13. Note the 
nuclear inclusions in glial cells. Hematoxylin and eosin stain. x 1400. 


15. Section from Ammon’s horn of another experimental dog that died of 
distemper of the nervous type. Three of the neurons contain nuclear inclu- 
sions. Cytoplasmic inclusions are also present in these cells but they are 
shown very poorly by this stain. Hematoxylin and eosin stain. x 1400. 


16. Section from the same Ammon’s horn showing well! defined nuclear and 
cytoplasmic inclusions in three cells. The cytoplasmic inclusions are vacuo- 
lated and appear quite similar to Negri bodies. Goodpasture’s carbol 
aniline fuchsin stain. x 1400. 

17. Another neuron from the same Ammon’s horn. The cytoplasmic inclu- 
sions have fused to form an irregularly shaped vacuolated mass. Good- 
pasture’s carbol aniline fuchsin stain. x 1400. 
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18. Section of bile duct of ferret showing both nuclear and cytoplasmic in- 
clusions in bile duct epithelium. The arrow points to a cytoplasmic inclu- 
sion. The nuclear inclusions are quite apparent. Hematoxylin and eosin 
stain. I400. 


19. Section of tongue of ferret showing both nuclear (arrow) and cyto- 
plasmic inclusions in epithelial cells. Similar inclusions were also observed 
in the epithelium of the lips and abdominal skin. Hematoxylin and eosin 
stain. xX 1400. 


20. Well defined cytoplasmic inclusions in epithelia! cells of the abdominal 
wall of a ferret. Hematoxylin and eosin stain. x 1400. 
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BASOPHIL INFILTRATION IN THE NEUROHYPOPHYSIS * 


C. Leary, M.D., AND H. M. Zimerman, M.D. 


(From the Laboratory of Pathology, Yale University School of Medicine, New 
Haven, Conn.) 


Although basophilic infiltration of the posterior lobe of the pitui- 
tary body has been observed and commented on for many years, 
Cushing“ was the first to emphasize it as a pathological process and 
to attempt to relate it causally to hypertensive states. Thom*® is 
generally agreed to have been the first to describe it, in a female of 
go years whose final diagnosis was marasmus senilis and bronchitis. 
Although he gives details of only 9 of his 62 cases, he remarks that 
such invasion is often seen after the end of the third and beginning of 
the fourth decade. He believed this in-wandering to be a physiologi- 
cal process, associated with advancing age, and representing the 
customary mode of obliteration of the hypophyseal cleft. Erdheim™ 
observed it three times in 50 cases and agreed with Thom’s interpre- 
tation. He noted that the basophils seen in the posterior lobe were 
relatively poor in fat and therefore deduced that they were young 
cells. Léwenstein** confirmed these findings. Herring”? saw the same 
phenomenon in the pituitary of the cat and associated the presence 
of these cells with the production of the colloid which he observed in 
large quantities in the posterior lobe. He believed the source of the 
cells to be the pars intermedia. 

Lucien” objected to the idea implied in Thom’s description, that 
such an invasion might be considered a species of tumor. He re- 
marked that invasion was seen in the majority of elderly people and 
was usually accompanied by an increase in the basophils of the 
anterior lobe. Erdheim and Stumme”’ could find no noticeable 
difference in this respect between the normal hypophysis and the 
hypophysis of pregnancy. 

Télken* in a careful study of 105 pituitaries observed basophilic 
infiltration in 50; the majority were from patients over 40 years, 


* This study was aided by a grant from the research funds of the Yale University 
School of Medicine. 
Received for publication September 21, 1936. 
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although the youngest was 18. He concluded that these cells arose 
from the margins of the hypophyseal cleft or its remains. He could 
demonstrate no correlation between the degree of invasion and sex or 
disease. 

Vogel," in a study of the pigment occurring in the posterior lobe, 
demonstrated basophilic invasion in 87 cases out of 102, ranging in 
age from newborn to go years. His youngest positive case was a 
9 months old child. He believed that the basophils represented a 
system of transport of anterior lobe secretion to the brain, and that 
the pigment of the posterior lobe was the waste product of their 
breakdown. He agreed with Télken that sex and disease bore no 
relation to the infiltration. 

Berblinger* and Héppli* examined 45 cases of kidney disease (all 
kinds) and 75 controls. They concluded that there was a definite in- 
crease in anterior lobe basophils in renal disease, but could demon- 
strate no difference in the degree of posterior lobe infiltration from 
that found in their controls and agreed upon in the literature as nor- 
mal. Kraus*4 commented on the lack of a quantitative relation be- 
tween anterior and posterior lobe basophils and suggested this as 
evidence that they had different functions. Skubiszewski,® in a 
comparison of the pituitaries of 23 cases of nephritis interstitialis 
genuina and 75 miscellaneous controls, confirmed the findings of 
Berblinger and Héppli that the basophils of the anterior lobe were in- 
creased in renal disease, and also thought that the degree of invasion 
of the posterior lobe was considerably greater in this than in any 
other condition. He related the polyuria and left ventricular hyper- 
trophy of nephritis interstitialis genuina to the increased basophilia of 
both anterior and posterior lobes, and suggested that the function of 
these cells was to cause a rise in blood pressure and dilatation of the 
renal vessels. 

Erdheim * emphasized the point that there is no true pars inter- 
media in man, a statement which, as he remarked, was tantamount 
to sticking his head into a wasp’s nest. The basophil cells of the 
posterior lobe arise in the anterior lobe and invade the posterior lobe 
by independent locomotion. The cells of the Rathke cysts, remains 
of the hypophyseal cleft, differentiate like the cells of the anterior 
lobe. The racemose glands so often seen in the boundary zone be- 
tween the anterior and posterior lobes are true mucous glands, 
reminiscent of the origin of the hypophysis from the pharyngeal 
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epithelium. Guizzetti’® *° announced that there was definitely a 
pars intermedia in man and that the basophils seen in the posterior 
lobe took origin from the undifferentiated epithelial cells of the 
dorsal lip of the hypophyseal cleft. Invasion of the posterior lobe is 
seen in four-fifths of individuals past the age of 30 years and has 
certain sites of predilection, namely, midway between the cephalic 
and caudal boundaries of the posterior lobe and also at the extreme 
caudal boundary beneath the capsule. The cells invade the neural 
tissue not only by proliferation, but also, as Erdheim had said, by 
active motion. The degree of infiltration is not influenced by sex, 
nor by cardiopathies or chronic nephritides, but there is a definite 
increase in tuberculosis and in diseases affecting the cerebrospinal 
axis directly. Schénig** too maintained, on embryological and 
morphological grounds, that there was a pars intermedia in man. He 
confirmed the findings of other workers that there was an increase in 
posterior lobe basophilia with age and associated this with the in- 
creased connective tissue proliferation of the posterior wall of the 
hypophyseal cleft which is responsible for its division into numerous 
small cysts. 

Kraus” and Berblinger* promptly took issue with Schénig’s con- 
tentions, Kraus stating with some asperity that the ‘‘ Markschicht”’ 
of the human hypophysis was properly part of the anterior lobe and 
not to be confused with the morphologically independent and dis- 
tinguishable pars intermedia of animals. Berblinger further pointed 
out that both anterior lobe and pars intermedia arise from Rathke’s 
pouch, and that in man no distinctive epithelial structure of a specific 
and different cell type, arising from the dorsal lip of the hypophyseal 
fissure, such as is seen in animals, is demonstrable. The Rathke 
cysts are part of the anterior lobe, and the cells lining them may 
differentiate into typical chromophils, as Héppli, Erdheim and 
others had previously shown. There are only two parts to the 
pituitary in man, the adenohypophysis and the neurohypophysis. 
Lewis and Lee?’ after a careful study of 30 pituitaries stated that 
two epithelial elements, racemose glands and basophil cells, were 
found at all ages in the posterior lobe, and these glandular elements 
should be included under the term pars intermedia. They could find 
no constancy in age incidence or position for either glands or baso- 
phils, although the basophils seemed to increase with advancing 
years. 
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Kraus and Traube,”* having examined 232 pituitaries, concluded 
that the incidence of basophils in both anterior and posterior lobes 
was influenced by body build, being more notable in hypersthenic 
individuals, and also in renal disease, essential hypertension and a 
number of other conditions. Posterior lobe basophilia increased with 
age and was more prominent in males than in females. They re- 
peated Kraus’s former statement that there was no quantitative 
relation between anterior and posterior lobe basophilia and therefore 
the two sets of cells must have different functions. They advanced 
the interesting theory that the basophils of the anterior lobe act asa 
sort of check-rein on the blood pressure, and that they hypertrophy 
in an endeavor to overcome the increasing hypertension. Berblin- 
ger,° on the basis of 71 cases of renal disease and 71 controls, agreed 
with their statement that the anterior and posterior lobe basophils 
bear no relation to each other, and observed as he did in 1922 that 
the anterior lobe basophils are increased in number in renal disease. 
He disagreed completely with their view that there was any correla- 
tion between body build and basophilism. 

Cushing” suggested that in basophil adenoma the secretion of the 
basophil cells might pass through the posterior lobe and stalk and 
exert a stimulatory effect on the diencephalic nuclei, thus leading to 
the adiposity, hypertension and vascular changes of this syndrome. 
In a second paper™ he stated that the secretory product of the pos- 
terior lobe is unmistakably derived from the investing pars inter- 
media, whose cells become basophilic when ripened, are cast off and 
invade the pars nervosa. In certain disorders characterized notably 
by hypertension, but also by other symptoms suggestive of known 
physiological effects of posterior lobe secretion, the normal cellular 
activity of the pars intermedia becomes greatly exaggerated, as is 
shown by a marked hyperplasia of the basophil elements, which 
penetrate far into the posterior lobe. 

Guizzetti®' repeated his previous statements}® as to the origin 
and incidence of posterior lobe basophils and stated that they were as 
a rule smaller than those of the anterior lobe and contained no 
vacuoles, an observation previously made by Erdheim.“ They were 
identical, however, in staining reactions. 

Cushing," on the basis of 9 cases of toxemia of pregnancy, 1 case 
of essential hypertension, and 3 cases of hypertension with athero- 
sclerosis, arrived at the following conclusions: (1) that the source of 
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these hypertensive disorders (toxemia of pregnancy, essential hyper- 
tension) lies in the posterior lobe of the pituitary body; (2) that the 
extent of basophilic invasion from the pars intermedia is a measure 
of posterior lobe activity; and (3) that excessive infiltration by these 
elements represents the histopathological basis of eclampsia and 
essential hypertension in young persons and may possibly be related 
etiologically to the atherosclerosis of old age. These observations 
served as the starting point for a number of workers, and were 
greeted with considerable scepticism by several. Close’ again raised 
the objection that invasion of the posterior lobe is relatively com- 
mon, particularly in middle-aged subjects, and that an increased in- 
filtration may be seen in individuals whose blood pressures have 
been normal at least for several months before death. Butt and Van 
Wart ® found posterior lobe invasion in 83.6 per cent of 126 hypophy- 
ses from unselected cases of all ages. Spark,** in 70 persons with es- 
sential hypertension, 11 persons with evidence of antecedent hyper- 
tension, and 108 controls of the same age groups, could find no 
significant difference in the degree of basophilism between the 
hypertensives and the controls. He concluded that posterior lobe in- 
vasion was related to the aging of the organism and possibly to some 
sex factor as well. Ahlstrém,! ? on the other hand, in a series of 25 
hypertensives and 36 normals showed that basophil infiltration 
occurred more frequently in hypertensives than in non-hyperten- 
sives. Biggart,® after examination of a large group of hypophyses, 
concluded that basophil infiltration may be found in the absence of 
hypertension, eclampsia, or any advanced degree of arteriosclerosis 
and does not seem to be found more commonly in these conditions 
than in control glands of the same age periods. The lack of con- 
stancy of the infiltration in any given syndrome rendered its func- 
tional interpretation impossible. Parsons,"! after careful study of 107 
unselected pituitaries, was able to demonstrate a very strong statisti- 
cal correlation between age and the degree of invasion of the pos- 
terior lobe, but no significant correlation of invasion and either 
systolic or diastolic blood pressure. 

The study on which this paper is based was undertaken in the hope 
that further light might be thrown on these highly controversial 
questions. We do not intend to become embroiled in the argument 
that rages over the presence or absence of a true pars intermedia in 
man and over the origin of the basophil cells seen in the posterior 
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lobe. Suffice it to say that there are two schools of thought on the 
subject, Thom, Erdheim, Léwenstein, Héppli, Berblinger, Kraus 
and others representing one side, and Télken, Lucien, Skubiszewski, 
Schénig, Lewis and Lee, Guizzetti, Cushing and their followers, the 
other. Both sides agree, however, that the basophil cells of the pos- 
terior lobe are morphologically indistinguishable from those of the 
anterior lobe by ordinary staining methods. MacCallum e¢ al. ,% 
have recently reported a method of differentiating the two by the 
use of copper hematoxylin which appears promising. 


MATERIALS AND METHODS 


One hundred fifty-one routine autopsies performed at the New 
Haven Hospital in the years 1934-1936 and 2 outside cases were 
studied. The cases were divided into hypertensive and non-hyper- 
tensive groups on the basis of clinical findings, blood pressure and 
cardiovascular-renal findings at autopsy. In some instances patients 
with normal blood pressure and otherwise unexplained moderate or 
advanced left ventricular hypertrophy, generalized arteriosclerosis 
or contracted kidneys, were rated as hypertensives, while patients 
with elevated blood pressure on their hospital admission and no 
cardiac hypertrophy, arteriosclerosis or contracted kidneys were 
classed as non-hypertensives.* Routine microscopic preparations of 
the various organs were examined. The pituitaries were fixed in 
formaldehyde, embedded in paraffin, cut at 6 uw, and every tenth 
section was mounted and stained with hematoxylin and eosin. 
Occasional sections were stained with methyl blue -eosin (Mann 
technic) and by the Rasmussen *® modification of the Mallory 
connective tissue stain. Special care was exercised in the examina- 


* Fishberg '8 and Stieglitz *7 agree, largely on the basis of Symonds’ 8 tables, that 
hypertension may be defined as existing whenever the systolic pressure is 150 mm. or 
more or the diastolic pressure is 100 mm. or more, or both. Symonds’ tables are based 
on life insurance applicants and lump together all persons over the age of 60. Bowes ® 
in a study of 150 men and women over 65 years of age determined that the systolic 
pressure shows a tendency to rise and may reach 160 or 170 mm., while the diastolic 
shows very little change. It is only fair to state that the majority of Bowes’ patients 
showed a considerable degree of cardiovascular pathology. It has not been possible 
to find any other articles discussing the question of blood pressure in the aged with 
more accuracy. For the purposes of this paper, a systolic blood pressure of 160 mm. in 
a patient over 60 years of age in the absence of left ventricular hypertrophy was not 
considered hypertension, but in all other respects the definition of hypertension given 
above was accepted. 
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tion of the neurohypophysis for basophilia, and the findings were 
recorded as follows: 


— no basophil cells in the posterior lobe (Fig. 1). 
-+ under 12 basophil cells, not clumped, in any one section. 


+ slight basophilia consisting of a single clump of 12 or more 
cells, or several small clumps, or scattered individual 
cells more than 12 in number (Fig. 2). 


++ one-fourth the posterior lobe invaded with basophil cells 
(Fig. 3). 
+++ more than one-fourth the posterior lobe invaded with 
basophil cells (Fig. 4). 


All of the pituitary sections were examined by three independent 
observers and their combined ratings were employed in the final 
grading. 


RESULTS 


In Table I is recorded the degree of basophilic infiltration in the 
neurohypophyses of the hypertensive cases. The patients are 
divided into age groups by decades and according to sex. In the 
hypertensive group 60 of 67 patients showed some degree of baso- 
philia in the neurohypophysis; 52 of 67 showed + or more; 29 of 67 
showed ++ or +++; of these 29, 19 were males and 10 were 
females. 

Similar data are presented for the non-hypertensive group in 
Table II. In this group 39 of 86 patients showed some degree of 
basophilia; 22 of 86 showed + or more; 6 of 86 showed ++, and 
all of these were males. 

If all cases under 20 years of age in the non-hypertensive group are 
subtracted 22 of 63 showed + or more; 6 of 63 showed + +. 

The graphs (Text-Fig. 1) show the relative incidence of basophilia 
in the hypertensive and non-hypertensive groups of cases. Here the 
fact is demonstrated clearly that significant basophilic infiltration 
(+ or more) is much more common in the hypertensives than in the 
non-hypertensives. 

In Table III is presented the incidence of adenomas in the pars 
anterior of the pituitary bodies in this whole series. 
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CASES 
WITHOUT BASOPHILIA 
Tora. WITH BASOPHILIA 
15; 
HYPERTENSIVE 
CASES 
10; 
ol] 
I-99 10:19 2029 3039 4049 5059 6069 7079 8089 90+ 
AGE 
CASES 
20) = 
NON-HYPERTENSIVE 
CASES 
10; 


O-IMO.I-9 10:19 2029 3039 40-49 5059 6069 7079 80:89 
AGE 


Text-Fic. 1. — Showing relative incidence of basophilia in hypertensive 
and non-hypertensive groups of cases. 
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TABLE I 
Incidence of Basophilia in Neurohypophyses of Hypertensives 
Age by ° * + ++ +++ Total ye 
M| F|M|F|M|F |M/FIM|F|M | F 
mos. 
o-II ° ° ° 
yrs. 

I-9 I ne I I 
10-19 rs ° ° ° 
20-29 ° I I 
30-39 I I I 2 2 4 
40-49 2 3| 3] 41] 3t| 2 9 | 8 | 17 
60-69 I 3 7 
70-79 I I 2 4 I 6 
80-89 I I 2 I 2 3 5 
90-99 I I ° I 
*B hil ad 
t One basophil adenoma. 

TaBLe II 
Incidence of Basophilia in Neurohypophyses of Non-hypertensives 
Age by ° oa + ++ +++ Total Grand 
total 

mos. 

O-II 5 I 5 I 6 

ors. 

I-9 7 5 . 7 5 | 12 
20-29 I 2 I 2 5 
30-39 I 3 I 6 7 
40-49 4 4 I 2fsi2its: 12 8 | 20 
50-59 7 I I 10 6 | 16 
60-69 I 2 at 3 I 5 2 r 
7°-79 I I 2 I 4 I 5 
80-89 : I I 3 ° 3 
90-99 ° ° ° 
Total Gi él | a 
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III 
Incidence of Pituitary Adenomas in Pars Anterior 
Type Hypertensive Non-hypertensive Total 
M F M F 
4 2 6 
Mixed (basophil and chromophobe) .... I a I 2 
6 4 I ° II 
DISCUSSION 


It will be observed from the preceding tables and the figures given 
above, that the incidence of posterior lobe basophilia appears to be 
strikingly higher in hypertensives than in non-hypertensives, and a 
severe grade appears to be more common in males than in females. 
It is impossible to state with any degree of accuracy that a severe 
grade occurs more frequently in any given age group, since it 
happens that in both series the age group with the highest incidence 
of severe basophilia is also the age group with the largest number of 
cases. It is, however, possible to state that in both series it appears 
after the age of 20 and is most common after the age of 4o. 

It seems reasonable to consider the + groups as negative, since 
this designation usually implies a total of 60 cells or less scattered 
throughout the posterior lobe. 

When the total 153 cases are examined, we find that 99 or 64.7 
per cent show some degree of basophil invasion in the neurohy- 
pophysis, and if the + groups are classed with the negatives, the 
figure becomes 74 or 48.3 per cent. Neither of these figures agrees 
with Butt and Van Wart’s® finding of 83.6 per cent in 126 unselected 
cases of all ages. 

If the 123 cases past the age of 30 are considered, it is found that 
92 or 75 per cent show posterior lobe invasion (including those rated 
as + ), a figure that corresponds fairly closely with that of 4/5 or 
80 per cent given by Guizzetti.”® If, however, the + groups are 
lumped with the negatives, the figure falls to 73 or 59.1 per cent. It 
is a question whether or not it is entirely justifiable to compare this 
series of cases with those studied by Guizzetti, since 43.8 per cent of 
our series are of the hypertensive group, and his cases presumably, 
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although he gave no details as to the blood pressure, were individuals 
not chosen with such a classification in mind. If the non-hyperten- 
sives over the age of 30 alone are considered, 34 of 58 show some 
degree of basophilia, and 21 of 58 show + or more. To afford a 
basis of comparison, these figures may be translated as 60 per cent 
and 36.2 per cent respectively. 

In other words, while basophil infiltration of the posterior lobe 
appears to be relatively common past the age of 20, it is not found in 
our series in such an overwhelming majority of the cases as in the 
other series mentioned above. 

Since a marked degree (+ + or +++) of infiltration is found in 
somewhat less than half the cases of hypertension, and is also found 
in 6 definitely non-hypertensive cases, it is difficult to demonstrate a 
relation between the degree of basophilia and hypertension. It even 
raises the question whether or not there is a causal relation between 
basophilia and hypertension. If such a relation exists, it is, as 
Russell, Evans and Crooke*® have said of basophil adenoma, between 
basophil infiltration and high blood pressure as such, and not be- 
tween basophil infiltration and chronic renal disease, arteriosclerosis 
or arteriolarsclerosis. In this connection it may be noted that 2 of 
our 3 cases of chronic nephritis with hypertension, both females, 
showed completely negative pituitaries, while the 3rd case, a male, 
showed a + +. 

Only 1 case of ‘toxemia of pregnancy” is included in this series, 
and it is of interest that this patient, a negress 23 years of age, 
showed not only a basophil adenoma of the anterior lobe (un- 
suspected during life) but also extensive glomerular and tubular 
lesions in the kidneys. 

When the 29 hypertensives with + + or +++ invasion are ex- 
amined with reference to body build, it is found that 23 of the 27 
whose heights and weights were known were either within or below 
the average weight given for their height and age (Blanton’), allow- 
ing the usual leeway of 4.6 kg. on either side. Only 4 were above the 
average, and these ranged from 8.6 to 28 kg. above. Of these, 2 
were males and 2 females. Among the 6 non-hypertensives only 1 
was above the average in body build, and he was 13.6 kg. above. It 
should be pointed out that the majority of the cases were hospital 
patients who had been confined to bed for some time. The one 
hypersthenic non-hypertensive was a young male of 24 years who 
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was killed in an automobile accident. Thus we are unable to confirm 
Kraus and Traube’s* finding that severe basophilism is more 
common in hypersthenic individuals. 

Mixed basophil and chromophobe adenomas have only recently 
been described in the literature by Russell, Evans and Crooke,® 
Crooke," and Parsons.*" It is obvious that no conclusions can be 
drawn from so small a series, but it is perhaps of interest to empha- 
size the point brought out by Table III that pituitary adenomas of 
all sorts, in this series, are seen more commonly in the hypertensive 
than in the non-hypertensive group. 


SUMMARY AND CONCLUSIONS 


1. One hundred fifty-three pituitaries have been studied in serial 
section. Both sexes and all age groups were represented, 67 hyper- 
tensives and 86 non-hypertensives. 

2. Basophil infiltration of very slight (++) to advanced (+ + +) 
degree was seen in the posterior lobe in 64.7 per cent of all cases, in- 
cluding the hypertensive and non-hypertensive groups as well as all 
ages. Significant basophil infiltration (+ or more) was found in 52 
of 67 hypertensives and in 22 of 86 non-hypertensives. Increased 
basophil infiltration (+ + or more) was seen in 29 hypertensives, 19 
males and 1o females, and in 6 non-hypertensives, all males. The 
only patients under 20 years to show any degree of infiltration at all 
(+) were a child of 6 with hypertension of unknown cause and a 
white female of 17 who died of bromide poisoning. Increased infiltra- 
tion (++) was seen in only 2 cases under the age of 4o. 

3. It is concluded that significant basophil infiltration (+ or 
more) is much more common in hypertensives than in non-hyper- 
tensives, more common in the male than in the female, and more 
common after the goth year. 

4. Confirmation of Kraus and Traube’s observation that severe 
basophil infiltration is more common in the hypersthenic individual 
could not be demonstrated. 

5. Adenomas of the pituitary were seen in 10 hypertensives and 
in 1 non-hypertensive. Their type was as follows: chromophobe 6, 
eosinophil 1, basophil 2, and mixed basophil and chromophobe 2. 
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DESCRIPTION OF PLATES 


PLATE 32 


Fic. r. Photomicrograph of horizontal section of pituitary body from a male 
of 85 years with blood pressure of 135 systolic and 80 diastolic. Death from 
uremia, hydronephrosis and overgrowth of prostate. Note absence (—) of 
basophil cells in neurohypophysis. Hematoxylin-eosin stain. x 8. 


Fic. 2. Pituitary body from a negress of 45 years with blood pressure of 205 
systolic and 130 diastolic. Death from syphilitic mesaortitis and meningi- 
tis. Arrow indicates slight (+) basophil collection in neurohypophysis. 
Hematoxylin-eosin stain. x 8. 
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PLATE 33 


Fic. 3. Photomicrograph of horizontal section of pituitary body from a male 


Fic. 


of 40 years of age with blood pressure of 190 systolic and 140 diastolic. 
Death from ruptured dissecting aortic aneurysm. Note moderate (++) 
basophilia in neurohypophysis below cleft in pars intermedia. Hematoxy- 
lineosin stain. x 12. 


4. Photomicrograph of horizontal section of pituitary body from a male 
of 57 years with blood pressure that varied between 170 and 250 systolic 
and go and 130 diastolic. Death from arteriosclerotic heart disease with 
congestive heart failure. Note marked (+++) basophil infiltration in 
neurohypophysis. Rasmussen’s modification of Mallory’s connective tissue 
stain. x8. 


1 
: 
af q 4 


er 
‘ 
| 
4 
OND 
OF 


¥ 


LOCAL ANAPHYLACTIC LESIONS OF THE BRAIN IN GUINEA PIGS* 


Leo ALEXANDER, M.D., 
AND 
A. Corin P. Campsett, M.B., (Eptn.) M.R.C.P. 


(From the Division of Psychiatric Research, Boston State Hospital, and the 
Department of Neurology, Harvard Medical School, Boston, Mass.) 


Since Arthus and Breton ! in 1903 described the histology of the 
Arthus phenomenon in the rabbit’s skin, a great deal of work has 
been done on the histology of local anaphylactic inflammation in 
various organs and tissues. Little, however, has been done on the 
finer histopathology of such inflammation within the central nervous 
system. Besredka? first employed the central nervous system as a 
route of administration of antigen in his experiments on general 
anaphylaxis, giving his intoxicating injections subdurally or intra- 
cerebrally; but he makes no mention of local changes at the site of 
injection. Rachmanow and several subsequent workers have de- 
scribed changes (in some cases equivocal in our opinion) in the brains 
of animals following general anaphylaxis. Experimental allergic or 
local anaphylactic meningitides have been produced by Burn and 
Finley * with tuberculin, and by Ssolowjew and Ariel > with horse 
serum. But apart from recent reports by Davidoff, Seegal and 
Seegal,® and Davidoff, Kopeloff and Kopeloff,”**® we have been 
unable to find any studies of local anaphylactic inflammation within 
brain tissue. 

In most of their reports these latter authors focused their interest 
mainly on clinical phenomena. In one of their papers, however, 
Davidoff, Seegal and Seegal ® presented histological data. In rab- 
bits prepared by multiple sensitizing injections they found an ex- 
tensive inflammatory lesion in the brain following intracerebral re- 
injection, characterized by hemorrhage, edema, serous exudate and 
leukocytic infiltration. In distinct contrast to the changes in the 
brains of the sensitized animals was the paucity of abnormal find- 
ings in the brains of the controls in their study. With few exceptions 
the control brains failed to give any indication of the location of the 

* Aided by grants from the Commonwealth of Massachusetts and the Rockefeller 


Foundation. 
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injection. In only two of the brains from control animals was a 
little free blood found along what was obviously the needle track. 
This hemorrhage was very slight, was surrounded by normal, non- 
edematous brain tissue, and showed no leukocytic or other infiltra- 
tion. 

The purpose of our study was to confirm these observations and 
to attempt to analyze the pathological mechanisms concerned in 
the production of the lesions, approaching the problem by the more 
clear-cut method of a single sensitizing injection and a single rein- 
jection, such as is known adequately to produce a local anaphylactic 
reaction in the guinea pig. 


MATERIAL AND METHODS 


Our work is based on the study of the brains and other organs of 
39 guinea pigs, 18 of which were sensitized and 21 of which were used 
as controls. Horse serum exclusively was used for the antigen. The 
sensitized guinea pigs received as their sensitizing injection a single 
dose of 0.5 cc. horse serum intraperitoneally. The interval between 
sensitizing and reinjection was 21 days in all animals of Series A, 
and those of Series B, except for 3 guinea pigs in which the interval 
was 14 days. The reinjection consisted of o.1 cc. horse serum in- 
jected into one cerebral hemisphere. For the reinjection the animals 
were anesthetized with ether and the brain exposed by a small 
trephine hole under aseptic conditions. A fine needle (25 gauge) 
was pushed into the hemisphere with as little lateral movement as 
possible, and the serum injected slowly; in this way mechanical 
trauma was reduced to a minimum. The control animals received 
a single intracerebral injection administered in the same way. 

The animals were killed by chloroform inhalation at an interval 
after the intracerebral injection varying from 24 hours to 7 days. 
Only 1 sensitized animal died spontaneously —in less than 24 
hours. In Series A the brains and other ograns (liver, spleen and 
lungs) after removal were fixed in a mixture of absolute alcohol 9 
parts, and pure liquor formaldehyde 1 part. The brains were sliced 
into blocks and then sectioned. Sections showing the lesion were 
cut serially. For staining, hematoxylin-eosin, Nissl’s and Masson’s 
trichrome methods, and in some cases Heidenhain’s iron hematoxy- 
lin, were used. Neighboring sections of all the stained sections, 4 u 
thick, were incinerated according to Scott’s !° modification of Poli- 
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card’s 4 method.* The brains of the guinea pigs in Series B were 
studied by methods adapted to demonstrate the vascular tree; in 
14 animals, 7 of which were sensitized and 7 of which were con- 
trols, thick frozen sections 200 yu thick were stained by the Lepehne ” 
and Pickworth * technique, which demonstrates the vascular tree 
by staining selectively the contained red blood cells. In 1 sensitized 
and 1 control animal an India ink injection through the heart was 
made at the time of killing. A small series of rabbits was also 
studied with, however, some variation in technique, details of which 
are given later in the text. 

In all instances the lesions were measured in the sections and the 
maximum transverse diameter recorded. The total length of the 
lesions was ignored as it depended largely on the depth to which 
the needle had been pushed in at the time of injection. The com- 
parative size of the lesions in sensitized and control animals can be 


seen in Table I. 
PROTOCOLS 


Sensitized Guinea Pigs 


Guinea Pig A 1: Reinjected into the right cerebrum. Three hours after injec- 
tion violent convulsions with rapid tonic-clonic movements of all limbs occurred. 
The head was rotated and turned to the left during seizures. Convulsions were 
increased by passive movements. Twenty-two hours later the convulsions 
ceased, but there was persistent rotation of the head to the left. The gait was 
jerky and slow. The animal was killed at 30 hours. 

Autopsy: The brain shows the needle track passing between the occipital 
lobes, through the midbrain and widening out into the lesion in the lateroventral 
part of the left side of the pons. 

Histology: The lesion in the pons measures 3360 win diameter. It consists 
of an area of extensive hemorrhage and necrosis affecting the gray and white 
matter (Fig. 1). The area of necrosis shows a loss of ganglion cells, diffuse 
loosening of the glial reticulum and a scattered neutrophilic polymorphonuclear 
infiltration (Fig. 8). In certain areas the polymorphonuclears occur in dense 
groups. There is some perivascular infiltration. No eosinophilic leukocytes are 
present. Throughout the necrotic area are many thrombosed capillaries and 
precapillaries which are dilated and filled with deeply staining, homogeneous 
thrombi (Fig. 3). 

Microincinerated preparations show gross demineralization of the necrotic 
area (Fig. 2). The mineral ashes in the hemorrhage appear as granular white 


* Parafiin sections cut at 4 « thickness are exposed to a temperature rising to 650° C. 
Thereby all organic components of the tissue are burnt out and only the mineral ash re- 
mains on the slide, in the original topographical arrangement. When studied with 
darkfield illumination or with oblique transillumination the minerals appear light 
against a dark background. 

t Full protocols of only some of the guinea pigs are given. The main data on all 
animals are summarized in Table I. 
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and yellow dots on a bluish background. The meninges show a slight patchy 
infiltration with equal numbers of neutrophilic polymorphonuclears and mono- 
nuclears. 


Guinea Pig A 2: Reinjected into the right cerebrum. Convulsions were 
noted after 2 hours and persisted up to 30 hours when the animal was killed. 
The convulsions occurred in rapid succession as in status epilepticus. The ani- 
mal was unresponsive to stimuli, except for an increased outburst of jactational 
convulsions when moved. Two types of convulsion were observed: (1) jacta- 
tional convulsions around the sagittal axis; and (2) tonic-clonic convulsions of 
all limbs, increased on the right, with quick flexor (1/16 second) and slower ex- 
tensor movements (1/4 second). During these convulsions the animal lay on its 
left side with its head turned and rotated to the left. 

Autopsy: The brain shows the needle track entering the right parietal lobe, 
extending through the right thalamus and widening into a large lesion in the 
right half of the midbrain, destroying the right tegmentum, including the lateral 
part of the red nucleus, and the right peduncle (Figs. 4 and 5), and extending 
backward into the right pons. 

Histology: The lesion measures 3300 win diameter. It consists of hemorrhage 
and necrosis with neutrophilic polymorphonuclear infiltration. The lesion is 
similar to that in Guinea pig A 1, except that there is a slight proliferation of 
pale glial nuclei (mainly microglia but with slight increase of oligodendroglia) 
around the hemorrhage. In the microincinerated preparations the demineralized 
area is more clear-cut, giving a plaque-like appearance (Fig. 5). The hemorrhage 
appears richer in iron granules. 


Guinea Pig A 3: Reinjected into the right cerebrum. After 14 hours frequent 
convulsions developed, tonic-clonic in type, affecting all limbs but mainly the 
left. The head turned to the left but rotated to the right. These convulsions 
lasted 3 hours. Later the animal appeared normal, apart from a leftward tend- 
ency in gait. It was killed at 30 hours. 

Autopsy: The needle track pierced the tip of the right occipital lobe, went 
through the posterior corpora quadrigemina, widened into a wide hemorrhagic 
lesion in the right tegmentum of the pons, extended to the floor of the fourth 
ventricle, and included vestibular and trigeminal nuclei (Figs. 6 and 7). 

Histology: The lesion measures 3230u in diameter. It is essentially similar ' 
to those of Guinea pigs A1 and A 2, showing ischemic necrosis, especially of 
ganglion cells (Fig. 9), hemorrhage, thromboses and infiltration with neutro- 
philic polymorphonuclears. A notable feature is the sharply outlined area of 
necrosis and demineralization (Figs. 6 and 7). The central part of the lesion, 
which in the hematoxylin and eosin, iron hematoxylin, and Masson stained 
sections fails to show complete necrosis (Fig. 6), nevertheless is seen in micro- 
incinerated preparations to be almost fully demineralized (Fig. 7). This sug- 
gests that loss of mineral is an early change in the development of this type of 
necrosis. While most of the thrombi consist of homogeneous masses plugging 
capillaries and precapillaries, one large venule is occluded by a thrombus that 
shows a distinct fibrinous network containing red cells and leukocytes in its 
meshes. Fibrinous strands are adherent to the necrotic wall of the vessel. In 
some of the veins in the lesion eosinophils are fairly numerous, but only an oc- ; 
casional one is seen extravascularly. Occasional scavenger cells are seen also 
in the necrotic area. The hemorrhage in the microincinerated preparations 
shows very clearly a moderate amount of iron oxide granules. 
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Guinea Pig A 13: Reinjected into the right cerebrum. After 15 minutes 
violent tonic-clonic convulsions of all four limbs occurred, lasting 15 to 20 
minutes. Later the head and the trunk were noted to be flexed to the left. The 
animal was slightly ataxic and showed scratching at the nose, suggestive of a 
mild general anaphylaxis. Later it improved somewhat, but died unexpectedly 
during the night. 

Autopsy: An extensive hemorrhagic lesion is present in the right striatum, 
central white matter, corpus callosum, and adjacent parts of the right and left 
cornu ammonis. An extension spreads to the left, affecting the ventromedial 
part of the left thalamus and the left internal capsule. There is also an extensive 
ventricular hemorrhage, presumably the cause of death. 

Histology: The lesion measures 1170 » in maximum diameter, and consists of 
a large and a few small satellite perivascular hemorrhages, increased polymor- 
phonuclear infiltration, especially around these areas but also around vessels 
which show no hemorrhage. These vessels are dilated and filled with blood, but 
only a few of them present thrombi. In this lesion the thrombi are somewhat 
smaller and less homogeneous than those seen in Guinea pigs A 1 and A 3. 
They consist of closely packed masses of red cells intermingled with polymor- 
phonuclears and a few strands of fibrin, most notable where the clots adhere to 
the vascular wall. Most of the vessels show only congestion, probably to be 
interpreted as a prethrombotic stasis. The ganglion cells surrounding the hem- 
orrhages show slight pyknosis, but there is no necrosis of the tissue as a whole 
and no glial reaction. Demineralization is seen around the infiltrated vessels 
and the hemorrhages, but there is no massive demineralization as in Guinea 
pigs Ar, A2, and A3. The lesion shown is earlier than 24 hours. The absence 
of massive demineralization probably corresponds to the paucity of fully de- 
veloped thromboses. Eosinophils are seen in fair numbers around some of the 
infiltrated vessels but do not extend out into the more diffuse infiltration. 


Guinea Pig A 14: Reinjected into the right cerebrum. After 15 minutes a 
single brief clonic convulsion of both rear limbs was noted. Thereafter no ab- 
normality, apart from scratching at the nose, suggestive of a mild general ana- 
phylaxis, was seen. The animal was killed at 4 days. 

Autopsy: The needle track is in the right parietal lobe. No gross lesion can 
be seen macroscopically. 

Histology: The needle track ends in a small lesion in the subcortical white 
matter of the right postcentral region. The lesion is 420 » in its maximum diame- 
ter and consists of an area of hemorrhage surrounded by a narrow zone of 
necrosis. A few scavenger cells are present at the periphery of the hemorrhage. 
The zone of necrosis shows proliferation of microglia and oligodendroglia, with 
a few astrocytes, and an occasional polymorphonuclear leukocyte. A few throm- 
boses of capillaries and one large venule are seen. This lesion resembles those 
seen in the control animals, rather than those seen in the definitely anaphylactic 
pigs. It seems probable that sensitization was not successful in this animal. 


Guinea Pig A 15: Reinjected into the right cerebrum. Fifteen minutes later 
a few, brief, general convulsions were noted. Thereafter no abnormal clinical 
change was seen. The animal was killed at 4 days. 

Autopsy: The needle track enters the right parietal lobe and widens into a 
gross lesion extending from the fifth layer of the cortex to the lateral ventricle 
(Figs. 10 and 11). 
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Histology: A large lesion 2100 » in maximum diameter is present consisting 
of a hemorrhage of moderate size in the subcortical white matter and a much 
larger area of softening with many Gitter cells (Fig. 12). An increased neu- 
trophilic polymorphonuclear infiltration is present around the vessels both at 
this point and in the normal surrounding tissue (Fig. 12). There is a slight 
proliferation of oligodendroglial and microglial tissue around the area of soften- 
ing. A few astrocytes are also seen. The blood vessels are greatly dilated and 
capillaries are somewhat increased in number. A few of the vessels show 
thrombi. An occasional intravascular eosinophil is seen, no one of which is 
infiltrating. In microincinerated preparations the lesion appears grossly de- 
mineralized (Fig. 11). On the demineralized background, however, the scav- 
enger (Gitter) cells and the nuclei of infiltrating polymorphonuclear leukocytes 
stand out intensely mineralized. The Gitter cells contain mineral in their nuclei 
and cytoplasm (Fig. 13). Some of the granular cytoplasmic mineral deposit is 
iron oxide, but it is mainly a white, water insoluble ash. 


Guinea Pig A 19: Reinjected into the right cerebrum. No clinical abnor- 
malities followed. The animal was killed at 7 days. 

Autopsy: The needle track enters right postcentral region and ends in a nar- 
row hemorrhagic streak in the external capsule. 

Histology: A sheet-like, circumscribed lesion measuring 400 » in maximum 
diameter is seen occupying the external capsule. It consists of hemorrhage with 
a slight surrounding glial proliferation. There is no evidence of glial fiber for- 
mation. No polymorphonuclear leukocytes are seen and there are no throm- 
boses. Microincineration shows no demineralization. Fairly plentiful iron is 
seen along the edges of the hemorrhage, most of it concentrated in scavenger 
cells lining the hemorrhagic cavity. It is also found around smaller vessels in 
the neighborhood of the lesion. These same scavenger cells are seen in hema- 
toxylin and eosin preparations as cells with fine brown cytoplasmic granules. 


Guinea Pig A 21: Reinjected into the right cerebrum. No clinical manifes- 
tations were present. The animal was killed at 7 days. 

Autopsy: The needle puncture is in the right parietal lobe. No macroscopic 
lesion can be seen on sectioning the brain. 

Histology: A narrow glial scar is seen running from the surface of the parietal 
lobe through the cortex and subcortical white matter into the corona radiata. 
It consists of proliferated microglia and oligodendroglial cells with occasional 
astrocytes (Fig. 15). The ganglion cells have disappeared within the scar and 
the surrounding tissue appears unaffected. A thrombosed precapillary vessel 
(Fig. 14) with dilated capillary branches is also seen in the scar. A few fibro- 
blasts and endothelial buds are seen in relation to these dilated capillaries. The 
lesion measures 270» across its widest area. Microincinerated preparations 
show hypermineralization in the area of the scar. Granules of iron are seen in 
some of the microglia cells. The surrounding tissue shows a normal mineral 
picture. 

Non-sensitized Guinea Pigs 


Guinea Pig A 4: Single injection into the right cerebrum. No clinical mani- 
festations were noted. The animal was killed at 30 hours. 

Autopsy: The needle track traverses the right occipital lobe and enters the 
right half of the midbrain. No macroscopic necrosis is noted. 
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Histology: The maximum diameter of the lesion is 540 u. The lesion consists 
of anarrow streak of hemorrhage with a few tiny foci of necrosis in the immedi- 
ate periphery (Fig. 16), which in microincinerated preparations show deminerali- 
zation (Fig. 17). There is a scanty neutrophilic polymorphonuclear infiltration 
of these areas (Fig. 18). No eosinophils are present. A few thrombosed capil- 
laries are seen immediately surrounding the hemorrhage. The meninges over- 
lying the lesion show considerable localized infiltration with neutrophils. 


Guinea Pig A ro: Single injection into the right cerebrum. No clinical mani- 
festations were noted. The animal was killed at 48 hours. 

Autopsy: A small hemorrhagic streak is seen in the cornu ammonis of the 
right hemisphere. No necrosis can be seen macroscopically. 

Histology: The lesion measures 430 u in diameter and consists of an area of 
hemorrhage surrounded by a narrow zone of necrosis in which a few thrombosed 
capillaries are seen. There is a moderate, diffuse, neutrophilic polymorphonuclear 
infiltration immediately surrounding the hemorrhage and a few scavenger cells 
are seen at the periphery. No eosinophils are present and there is no glial re- 
action. 


Guinea Pig A 25: Single injection into the right cerebrum. After 15 minutes 
there was a short series of tonic-clonic convulsions lasting ro minutes and affect- 
ing all limbs, especially the right. There was also a transient ruffling of the hair. 
The animal was killed at 48 hours. 

Autopsy: The needle track traverses the right occipital lobe and enters the 
right midbrain. No macroscopic necrosis is visible. 

Histology: A circumscribed area of hemorrhage surrounded by a narrow rim 
(2 rows deep) of early oligodendroglial and microglial proliferation with an oc- 
casional polymorphonuclear leukocyte is seen. There is a slight astrocytic 
proliferation outside the oligodendroglial and microglial rim. No thromboses 
are seen. 

Microincineration shows no demineralization. Granules of iron oxide are 
present in the hemorrhage. The maximum diameter of the lesion is 300 u. 


Guinea Pig A 16: Single injection into the right cerebrum. No clinical mani- 
festations were present. The animal was killed at 4 days. 

Autopsy: There is a pin-point needle puncture in the right parietal lobe, but 
no macroscopic evidence of necrosis. 

Histology: The lesion measures 640 » in maximum diameter. It consists of 
a small hemorrhagic cyst in the subcortical white matter (Figs. 19 and 20) con- 
taining many Gitter cells (Fig. 21). Surrounding it is a small, localized zone of 
necrosis with dense glial proliferation of microglial and oligodendroglia cells and 
astrocytes (Fig. 21). No polymorphonuclear leukocytes and no eosinophils are 
present. Neighboring vessels show slight dilatation. One at the periphery of 
the hemorrhage shows thrombosis. 

Microincineration shows a small zone of slight demineralization surrounding 
the hemorrhage (Fig. 20), which contains granules of iron oxide. 


Guinea Pig A 22: Single injection into the right cerebrum. No clinical mani- 
festations were observed. The animal was killed at 7 days. 

Autopsy: No lesion is found macroscopically, apart from the localized ad- 
herence of the dura on the right parietal lobe under the trephine hole. 
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Histology: Asmall area of gliosis showing oligodendroglia and a few astrocytes, 
320 w in maximum diameter, is seen in the subcortical white matter. 

Microincinerated preparations show hypermineralization of this glial focus, 
and a few iron-containing scavenger cells are seen in the perivascular spaces 
around two small vessels. 


Guinea Pig A 23: Single injection into the right cerebrum. No clinical mani- 
festations were noted. The animal was killed at 7 days. 

Autopsy: The needle track enters the right postcentral region and extends 
into the central white matter and the capsula extrema. No macroscopic signs 
of necrosis are visible. 

Histology: A circumscribed lesion with a maximum diameter of 380 u is pres- 
ent. There is a hemorrhagic cyst, the capsule of which consists of a double rim. 
The inner rim is made up of microglia and oligodendroglia; the outer rim of 
proliferating astrocytes. It is thin and sharply marked off; the nerve cells in- 
side the rim show severe changes, but on the outside they are well preserved. 
There is no demineralization or evidence of necrosis outside the glial rim. The 
hemorrhagic cyst contains many large Gitter cells, as well as numerous red 
blood cells. 

Microincinerated preparations show iron oxide granules, some free in the 
hemorrhage, others in scavenger cells in the hemorrhage and at the margin. 
The inner microglial and oligodendroglial rim shows hypermineralization, both 
nuclear and cytoplasmic, and it is also seen in the processes of some of these 
cells. The outer astrocytic rim shows hypermineralized plump cells bodies and 
processes, the mineral being deposited in a finely granular form. 


CHANGES IN ORGANS OTHER THAN THE BRAIN 


Examination of the other organs showed, in the sensitized guinea 
pigs, slight fatty changes in the liver, most extreme in the centers 
of the lobules. The livers of the non-sensitized animals, and the 
lungs and spleens of both sensitized and non-sensitized groups, 
showed no significant abnormality. 


VASCULAR PHENOMENA IN THE LESIONS 


In the guinea pigs of Series B (8 sensitized and 8 control animals) 
an attempt was made to investigate in particular the vascular 
phenomena in the intracerebral lesions. Brains examined by the 
Lepehne-Pickworth method showed in both the sensitized and the 
control animals an area of hemorrhage surrounded by a zone of 
anemia (Figs. 22, 23 and 24). The center of the hemorrhage was too 
dense to permit any vascular detail to be seen; at the periphery, 
however, there were many individual satellite perivascular hemor- 
rhages, and in some instances vessels in this area showed localized 
dilatation and bead-like deformities, which probably denote throm- 
bosis of the vessels (Alexander and Putnam). We were in some 
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doubt as to the successful sensitization of some of the animals in 
this group, since the size of the total lesions and of the hemorrhages, 
although greater on the whole in the sensitized animals, was not very 
significantly so. The anemic zone, however, did appear distinctly 
wider in most of the sensitized animals (compare Figs. 22 and 23). 
The explanation of this anemic zone (Fig. 24) is, we feel, probably 
the expression of the red cells out of the capillaries by edema. It is 
to be noted that hemorrhage and edema, although greater in the 
sensitized animals, were also characteristic of the lesions in the con- 
trol animals. 

In the 2 animals injected with India ink the ink did not penetrate 
vessels in the major hemorrhagic mass and did not extravasate into 
the hemorrhage. We deduce, therefore, a complete occlusion of the 
vessels in this area. The zone around the hemorrhage, correspond- 
ing to the anemic area in the Lepehne-Pickworth preparations, was, 
however, perfectly injected. 


SENSITIZED AND NON-SENSITIZED RABBITS 


In this series 6 rabbits were used (3 sensitized, 3 controls). In con- 
trast to the guinea pigs, which were sensitized with a single dose, we 
used in the rabbits a method resembling rather the classical Arthus 
procedure, 7.e. sensitization was effected by giving five injections of 
horse serum, 2 cc. each intraperitoneally, at 5 day intervals. The in- 
tracerebral injection of 0.2 cc. horse serum was given after a further 
interval of 10 days. The 3 controls received only the intracerebral 
injection. All 6 rabbits were then killed by chloroform after 3 days. 


Results 


No clinical abnormalities were noted. At autopsy, in 2 of the 
sensitized rabbits a large hemorrhagic necrotic lesion was seen 
macroscopically on slicing the brain. In the other sensitized rabbit 
a hemorrhagic track was found. In none of the controls could any 
lesion be found macroscopically. Serial sections were studied. 


Histological Examination 


As in the guinea pig series, there was a definite contrast between 
the size of the lesions in the sensitized and in the control groups. 
The lesions in the sensitized group measured 1500 and 2500 pu (Figs. 
25 and 26), and 1900 w (Fig. 27) respectively. In the controls the 
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lesions measured 400 p (Fig. 28) and 320 u, respectively. No lesion 
could be found in the 3rd rabbit of the control series. It was prob- 
ably lost in trimming the paraffin blocks. 

The lesions in the sensitized rabbits were comparable in general 
to those in the sensitized guinea pigs. They showed hemorrhage, 
necrosis, and scavenger cell and glial infiltration with vascular throm- 
bosis. No polymorphonuclears or eosinophils were seen. The areas 
of necrosis contrasted with those in the guinea pigs in that they were 
demineralized only in certain parts and in other areas were highly 
hypermineralized (Fig. 26). The hypermineralized areas showed in 
sections stained with hematoxylin and eosin and Masson’s trichrome 
stains (Fig. 25) a striking fibrinous exudation such as was not seen 
in the guinea pigs. The hypermineralization of the fibrinous exuda- 
tion exceeded in degree and density the hypermineralization of the 
hemorrhages. 

The lesions in the controls showed mere hemorrhagic streaks 
(Fig. 28) with Gitter cell and microglial and oligodendroglial re- 
action with necrosis of ganglion cells in the immediate vicinity. 
There was no dissolution of the surrounding tissue, no demineraliza- 
tion or fibrinous exudate and no thromboses. 

In the 3 sensitized rabbits, apart from the gross localized lesion, 
occasional lymphocytic perivascular infiltrations were found wide- 
spread through the brain, and in 2 of the 3 there were occasional 
microglial and oligodendroglial foci. While these changes may have 
been caused by our procedures, in view of the ease of production in 
rabbits of such an encephalitis by other procedures, and also in 
view of their occasional spontaneous occurrence, we can attach to 
them no specific importance. 

Examination of other organs of the sensitized rabbits showed 
changes similar to those observed by Apitz™ in similarly treated 
rabbits, namely lymphocytic and histiocytic periportal infiltration 
in the liver and enlargement of the spleen with increase in number 
of large mononuclear cells similar to those seen in acute splenic 
tumor. 


DISCUSSION 


From our findings we conclude that local anaphylactic disease can 
be produced in the brains of guinea pigs. By reinjecting horse serum 
into the brains of sensitized guinea pigs clinical symptoms and gross 
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macroscopic lesions can be produced, while single intracerebral in- 
jections in the non-sensitized controls cause only rare and transient 
clinical symptoms and little or no macroscopic damage. The his- 
tological examination showed also an appreciable difference between 
the lesions of the two groups. A striking feature, however (sum- 
marized in Table IT), is the non-specificity of any individual com- 


TABLE IT 


Individual Components of Cerebral Lesions Produced by Injection of 0.1 cc. of 
Sterile Horse Serum into the Brains of Sensitized and Non-sensitized Guinea Pigs. 
(Compiled From the Maximum Lesions in Table I) 


Lesion Sensitized Non-sensitized 
guinea pigs guinea pigs 

Neutrophilic polymorphonuclear 

++ (4 days) + (2 days) 

(in 2 animals only) 

Microglia and oligodendroglial 

Demineralization ............. +++ 


ponent of the histological picture in the lesions in sensitized and in 
control animals. Briefly, we see in the sensitized animals at the site 
of reinjection a lesion consisting of hemorrhage, vascular throm- 
boses,* necrosis, demineralization and infiltration with neutrophilic 
polymorphonuclear leukocytes, and microglial and oligodendroglia 
cells. Later scavenger cells and astrocytes proliferate. Although 
these changes, apart from the glial proliferation, reach their maxi- 
mum in the group of sensitized animals, none of them is absent from 
the group of control animals. Sterile horse serum injected into the 
non-sensitized guinea pig’s brain produces a lesion that may show all 
the features cited above. The hemorrhage, the vascular throm- 
boses, the necrosis and demineralization are, however, vastly more 
extensive in the sensitized group. The average diameter of the lesion 
in these animals, (1703 «) as compared with that of the lesion in the 


* The thrombosed capillaries and precapillary blood vessels in our animals were 
dilated, showed necrosis of the walls, were filled with adherent, deeply staining, homo- 
geneous or amorphous fibrinous material and were impermeable to injection fluid. In 
only few exceptional instances of thrombi in precapillary vessels were distinct fibrinous 
strands, accumulation of white cells and beginning organization observed. 
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controls (383 u) shows the striking difference in degree and intensity 
of the pathological process in the two groups. 

This finding of a quantitative rather than qualitative difference 
between the anaphylactic and the non-anaphylactic lesion is in 
accord with the conclusions of Gerlach.’ Gerlach, after a compre- 
hensive review of the histology of the hyperergic reaction in several 
species, states that the characteristic feature of this reaction is the 
much greater intensity of the process. He denies the existence of any 
specific qualitative feature, thus differing from the opinion of Réssle” 
who, while stressing also the difference in speed and intensity of the 
reaction, referred also to an unusual and specific qualitative feature 
in the form of a high percentage of eosinophilic leukocytes among 
the infiltrative cells. Since Schlecht and Schwenker '* in 1912 re- 
ported eosinophilic infiltration in local and general anaphylaxis 
many observers have confirmed its occurrence. It is, however, al- 
though apparently a specific feature of local anaphylactic inflamma- 
tion, by no means a constant one (Campbell, Drennan and Rettie ¥). 
In the intracerebral lesions in our guinea pigs it was present only to 
a moderate degree in one animal and only to a minor degree in an- 
other. Both these animals were sensitized. In view of its rarity in 
our series we feel that it does not detract from the general state- 
ment that the specific characteristics of the local anaphylactic lesions 
are quantitative rather than qualitative. 

As to the pathogenesis of the lesions in our animals, the two 
alternative possible mechanisms of production of these necrotic 
lesions seem to us to be on the one hand primary vascular disturb- 
ance, and on the other direct damage to the tissue by the antigen or 
the antigen-antibody reaction, such vascular lesions as we have de- 
scribed being a secondary or independent accompaniment of the 
tissue necrosis. We were, however, much impressed by the close 
resemblance of our lesions to lesions of known vascular origin. The 
hemorrhages, the thromboses, the more or less sharply outlined 
areas of necrosis (Putnam ?°) associated with demineralization 
(Alexander and Myerson *') and the appearance of scavenger cells, 
many of which were loaded with iron granules, all carried out this 
impression. Furthermore, the larger size of the necrotic hemorrhagic 
lesion and the greater extent and completeness of demineralization 
in the sensitized animals could be correlated with a greater number 
of thromboses in the lesions seen in these animals. Therefore, a 


: 
=: 
J 
q 
4, 4 


: 


ANAPHYLACTIC LESIONS IN BRAIN 243 


pathogenetic mechanism acting by way of disturbance of the vascu- 
lar bed with resultant ischemic necrosis seems to us at any rate an 
important factor. 

Such a factor, namely vascular disturbance in anaphylaxis, local 
or general, has much to support it in the literature. The perfusion 
experiments on isolated blood vessel preparations of Friedberger 
and Seidenberg,” and of Genes and Dinerstein,” showed that when 
the specific antigen was added to the perfusion fluid the rate of per- 
fusion through sensitized organs was greatly decreased. Frohlich *4 
demonstrated by vital experiment on the mesentery of the sensitized 
frog that application of the specific antigen produced stasis with 
capillary dilatation and edema. Dietrich and Nordmann * showed 
by observations on the living mesentery of rabbits that in the perito- 
nitis produced by B. coli, if the animals had been previously sensi- 
tized by B. coli vaccine, the arteries of the inflamed mesentery showed 
a persistent contraction, in contrast to dilatation of the arteries in 
unsensitized controls. There is evidence, therefore, of an interfer- 
ence, functional or structural, with the circulation through tissues 
subjected to anaphylactic phenomena. Histological evidence of 
definite structural interference is also forthcoming. Dietrich and 
Schréder *° demonstrated the increased tendency to thrombosis in 
the veins of sensitized animals when the specific antigen was injected 
intravenously. The thrombi consisted of homogeneous fibrinous 
lamellae and nodules immediately overlying the endothelium, 
which served as foci of accumulation of platelets, white blood cells 
and red cells, forming a mixed thrombus. They attributed this 
process to a sensitization of the endothelium, leading to an intra- 
vascular (especially endothelial) Arthus phenomenon. Blood ves- 
sels appear to be a tissue readily sensitized and liable to anaphylac- 
tic inflammation (Metz,?’ Apitz "). 

Studies of local anaphylactic lesions in other tissues and organs 
by several observers have suggested the importance of vascular dis- 
turbance, especially occlusion, in the pathogenesis of the lesion. 
Gerlach * in his study on the cutaneous hyperergic reaction em- 
phasizes the appearance of stasis and edema within 1 hour after 
the anaphylactic injection, followed later by swelling of the connec- 
tive tissue fibrils to such an extent as to occlude the capillaries and 
to produce eventually ischemic necrosis. A similar occlusion of 
capillaries, probably by edema, explains in our opinion the anemic 
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zone found surrounding the main lesion in those of our guinea pigs 
examined by the Lepehne-Pickworth method. Opie ** emphasized 
the importance of the capillary thromboses which he found in local 
anaphylactic lesions of the skin of rabbits. He thought that these 
capillary thromboses were the result of damage to the lining endothe- 
lial cells by the occurrence of an antigen-antibody reaction within 
these cells, and that the capillary thromboses led to ischemic necro- 
sis in the center of the lesion. Klinge ** noted in the acute anaphy- 
lactic inflammation which he produced in joints peculiar subendothe- 
lial foci of necrosis which lay in direct relation to small vessels that 
were usually thrombosed. He did not, however, think that the ne- 
croses were ischemic in origin. Long and Finner * produced lesions 
in the kidney, mainly of the nature of a glomerulonephritis, by re- 
injection of tuberculin into the renal artery in pigs; another group of 
lesions, however, appeared to be definitely secondary to vascular 
injury, since subcapsular infarcts in combination with thrombosed 
venules were found in some instances. Ssolowjew and Ariel® pro- 
duced local anaphylactic (or hyperergic) leptomeningitis in rabbits 
by injecting horse serum into the cisterna magna; vascular throm- 
boses were a prominent feature in the inflamed meninges, together 
with necrosis and inflammation of the vessel walls, and were as- 
sociated with and presumably the cause of focal hemorrhages in the 
underlying brain substance. 

Another matter of interest is the time required for the cerebral 
lesions and their individual components to develop. Scavenger 
cells, although isolated examples could be observed after 30 hours in 
the lesions of sensitized animals, did not appear in any significant 
number before the 4th day. Polymorphonuclear leukocytes made 
their appearance on the 1st day and remained in the tissues up to the 
4th day in sensitized animals, and up to the 2nd day in those that 
were non-sensitized. It is interesting to note the difference in the 
time of appearance of these phenomena between our series of animals 
and those reported by Alexander, Jung and Lyman,” in which in- 
tracerebral lesions were produced by a different method, i.e. by 
injection of a colloidal solution. 

Thromboses, hemorrhage, necroses and demineralization also ap- 
peared within the first 30 hours. Especially interesting is this early 
appearance of extensive, more or less sharply outlined areas of com- 
plete demineralization. The rapid development of demineralization 
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in foci of ischemic necrosis and softening in humans has been de- 
scribed by Alexander and Myerson” in a study of normal and 
pathological brain tissue by the microincineration technique. The 
exact mechanism of this rapid demineralization remains obscure. 
Intracellular iron in scavenger cells derived from ingested red cells 
was found in microincinerated preparations within the first 30 
hours and appeared in considerable quantity at 4 days. 

The production of such local anaphylactic lesions in the brains of 
guinea pigs experimentally has of course no direct counterpart in 
human pathology. It may, however, have some bearing on the 
pathogenesis of certain encephalitides, especially those associated 
with infectious disease, and vaccination for which an anaphylactic 
factor has been postulated (Glanzmann,® Paul,** and van Bogaert**) ; 
and possibly on the rapid progression of others — for instance de- 
mentia paralytica. Suggestive of similarity are the speed and inten- 
sity of the reaction and the apparent relation of the lesions to vascu- 
lar disturbances. This point is of interest especially in view of the 
recent suggestion (Putnam,® and Putnam, Merritt and Campbell *) 
of an underlying circulatory disturbance in encephalomyelitis, mul- 
tiple sclerosis and dementia paralytica. 


SUMMARY 


1. Local anaphylactic lesions were produced in the brains of 
guinea pigs sensitized by a single injection of horse serum intra- 
peritoneally and by reinjection of the antigen intracerebrally. 

2. The clinical symptoms produced by these lesions in sensitized 
animals were prolonged or brief convulsions, diminution of activity, 
ruffling of the hair and scratching at the nose. Brief convulsions and 
transient ruffling of the hair were occasionally noted also in non- 
sensitized animals. 

3. The anaphylactic lesions were characterized by hemorrhage, 
vascular thrombosis, necrosis, demineralization, infiltration with 
neutrophilic polymorphonuclear leukocytes, scavenger cells, micro- 
glial and oligodendroglial cells and astrocytes. Anemia, attributed 
to compression of capillaries by edema, was observed around the 
lesions. 

4. Similar but much smaller lesions were produced in unsensitized 
guinea pigs by a single intracerebral injection of antigen. 
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5. The lesions in the sensitized animals differed quantitatively 


rather than qualitatively from those in the controls. 


6. The pathogenic mechanism of production of the lesions and 


their possible relation to human pathology are discussed. 
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DESCRIPTION OF PLATES 


PLATE 34 


Fic. 1. Guinea pig A1. Sensitized, 30 hour lesion. Masson’s trichrome stain. 
Note hemorrhage and necrosis in the left side of the pons. x 8. 


Fic. 2. Guinea pig Ar. Neighboring section to that seen in Fig. 1. Micro- 
incineration, oblique transillumination. Note demineralization of necrotic 
area in the left side of the pons. x 8. 


Fic. 3. Guinea pig A 1. Note thrombosed capillary in necrotic area. Masson’s 
trichrome stain. x 1960. 
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PLATE 35 


Fic. 4. Guinea pig A 2. Sensitized, 30 hour lesion. Note hemorrhage (h) and 
sharply outlined area of necrosis (n) in the right midbrain. Masson’s 
trichrome stain. x 6.6. 


Fic. 5. Guinea pig A 2. Neighboring section to that seen in Fig. 5. Microincin- 
eration, oblique transillumination. Note sharply outlined demineraliza- 
tion of necrotic area (n). x 6.6. 
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PLATE 36 


Fic. 6. Guinea pig A 3. Sensitized, 30 hour lesion. Iron hematoxylin. Note 
hemorrhage and necrosis (les) in the right tegmentum of the pons. Heiden- 
hain’s iron hematoxylin stain. x 8. 

Fic. 7. Guinea pig A 3. Neighboring section to that seen in Fig. 7. Micro- 
incineration, oblique transillumination. Note complete demineralization of 
necrotic area (les). x 8. 


Fic. 8. Guinea pig A1. Note polymorphonuclear leukocytic infiltration of 
necrotic area. Nissl’s stain. x 760. 


Fic. 9. Guinea pig A 3. Note ischemic necrosis of ganglion cells and polymor- 
phonuclear infiltration of necrotic area. Hematoxylin-eosin stain. x 760. 
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PLATE 37 


Fic. ro. Guinea pig A 15. Sensitized, 4 day lesion. Note necrosis (1) in the 
right parietal lobe. Hematoxylin-eosin stain. x 6.6. 


Fic. 11. Guinea pig A 15. Neighboring section to that seen in Fig. 10. Micro- 
incineration. Note demineralization of lesion (1). x 6.6. 
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PLATE 38 
Fic. 12. Guinea pig A 15. Note scavenger cells and polymorphonuclears in 


necrotic area. Masson's trichrome stain. x 760. 


Fic. 13. Guinea pig A15. From incinerated neighboring section to that seen 
in Fig. 12. Darkfield illumination. Note mineral deposit in scavenger 
cells, part of which is iron oxide. x 760. 
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PLATE 39 
‘ Fic. 14. Guinea pig A 21. Sensitized, 7 day lesion. Thrombosed vessel from 
lesion. Masson’s stain. x 1000. 
Fic. 15. Guinea pig A 21. Note gliosis: microglial and oligodendroglial cells 
and astrocytes. Nissl’s stain. x 760. 
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PLATE 40 


Fic. 16. Guinea pig A 4. Non-sensitized, 30 hour lesion. Note hemorrhagic 
streak (h) in right midbrain and small necrotic areas immediately around 
streak, one of them marked*‘n”. Heidenhain’s iron hematoxylinstain. x8. 


Fic. 17. Guinea pig A 4. Neighboring section to that seen in Fig. 16. Micro- 
incineration, oblique transillumination. Note small areas of demineraliza- 
tion corresponding to the necrosis (n). x 8. 


Fic. 18. Guinea pig A 6. Non-sensitized, 30 hour lesion. Polymorphonuclear 
leukocytic infiltration of lesion. Nissl’s stain. x 760. 
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PLATE 41 


Fic. 19. Guinea pig A 16. Non-sensitized, 4 day lesion. Note hemorrhagic 
cyst (1) in right parietal lobe, with slight surrounding necrosis. x 6.6. 


Fic. 20. Guinea pig A 16. Neighboring section to that seen in Fig. 19. Micro- 
incinerated, oblique transillumination. Note granular mineral in hemor- 
rhage (1) (part of it iron oxide) and small surrounding zone of deminerali- 
zation. x 6.6. 


Fic. 21. Guinea pig A 16. Non-sensitized, 4 day lesion. Edge of hemorrhagic 
cyst, showing scavenger cells among erythrocytes in cyst and gliosis (micro- 
glia, oligodendroglia cells and astrocytes) around cyst. x 633. 
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PLATE 42 


Fic. 22. Guinea pig B 3. Sensitized, 24 hour lesion. Section 200 wu thick, 
Lepehne-Pickworth stain. Note lesion in central white matter and stria- 
tum. It shows central mass of hemorrhage, surrounded by satellite peri- 
vascular hemorrhage, outside which is an anemic zone, particularly notable 
at the upper pole where it extends into the cortex. x 8. 


on Fic. 23. Guinea pig B 10. Non-sensitized, 24 hour lesion. Section 200 u thick, 
Lepehne-Pickworth stain. Note lesion in subcortical white matter. It 
depicts, as in Fig. 22, a central mass of hemorrhage with satellite perivascu- 
lar hemorrhages, but the zone of anemia around is much less intense. 
x 8. 


Fic. 24. Guinea pig B 3. Sensitized, 24 hour lesion. Section 200 u thick, 
Lepehne-Pickworth stain. Note lesion (1) surrounded by anemic zone (a), 
outside of which the normal vascular pattern (n) is seen. x 180. 
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PLATE 43 


Fic. 25. Rabbit 2. Sensitized, 3 day lesion. Note lesion in left midbrain, with 
hemorrhage and necrosis, part of which shows fibrinous exudate. Mas- 
son’s trichrome stain. x 8. 


Fic. 26. Rabbit 2. Neighboring section to that seen in Fig. 25. Microincinera- 
tion, oblique transillumination. Note hypermineralization of fibrinous 
exudate in necrotic area. x 8. 
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PLATE 44 


Fic. 27. Rabbit 3. Sensitized, 3 day lesion. Note lesion (hemorrhage and 
necrosis) in left diencephalon (lateral geniculate nucleus, medial geniculate 
nucleus, and nucleus ventralis B of the optic thalamus). Masson’s stain. 
x 8. 


Fic. 28. Rabbit 5. Non-sensitized, 3 day lesion. Note small lesion (hemor- 
rhagic streak) in subcortical white matter and cornu ammonis of left 
hemisphere. Masson’s stain. x 8. 
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NUTRITIONAL EDEMA IN THE DOG* 


IV. Peptic ULCER PRODUCED BY THE SAME LOW PROTEIN DIET 
THAT LEADS TO HYPOPROTEINEMIA AND EDEMA 


A. A. WEEcH, M.D., anp B. H. Paice, M.D. 


(From the Department of Diseases of Children, College of Physicians and Surgeons, 
Columbia University, New York, N. Y.) 


The investigations of Weiss and Aron! and the interpretation 
given by them to the findings of Mann and Williamson ? by experi- 
mental surgery have provoked a new point of view regarding the 
possible etiology of some cases of peptic ulcer. Briefly it has been 
shown that dogs develop peptic ulcers with regularity following an 
operation which involves resection of the duodenum with subsequent 
occlusion of the upper end and anastomosis of the lower end to the 
ileum at a point 10-30 cm. above the ileocecal valve, and gastro- 
jejunostomy. By the operation the normal point of entry of bile 
and pancreatic secretion at the upper end of the small intestine is 
transferred to the lower ileum. Dogs so treated become rapidly 
emaciated, develop anemia and bloody diarrhea, and succumb after 
4 to 5 weeks. At postmortem examination ulcers are found in the 
jejunum near the site of anastomosis with the stomach. Weiss and 
Aron have interpreted their work as indicating that the cause of the 
ulcers is closely related to defective digestion and absorption of pro- 
tein. Normally the digestion of protein is not finished in the stom- 
ach; complete splitting into amino acids must take place in the small 
intestine before absorption is possible. Because trypsin from the 
pancreas is an essential factor in the digestion of protein, the opera- 
tion described above interferes greatly with the absorption of pro- 
tein. The strongest argument Weiss and Aron have produced to 
support this point of view is their finding that the formation of ulcer 
after the operation on dogs can be prevented by parenteral injections 
of histidine. Because similar injections of lysine or of tryptophane 
were without effect, they have come to regard these peptic ulcers as a 
manifestation of a specific amino acid deficiency. 

Following an independent line of investigation Hoelzel and Da 


* Received for publication July 28, 1936. 
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Costa * have observed ulcers in the prostomachs of rats maintained 
on a diet restricted in protein. The finding was interpreted on the 
basis of the theory that assumes excess acidity to be responsible for 
the etiology of peptic ulcer. The authors stated that “a protein 
deficiency or the lack of sufficient acid-binding protein in the diet 
may be a factor in the etiology.” Their work does not touch on the 
possibility of a specific amino acid deficiency. 

For several years the senior author and his associates * have been 
engaged in a study of nutritional edema and hypoproteinemia in the 
dog. The edema ensues after a period of 1 to 3 months of mainte- 
nance on a diet that contains too little protein for nitrogen equi- 
librium; the hypoproteinemia is progressive from the start of the 
experiment and affects chiefly the albumin fraction. Since in addi- 
tion to edema many of the animals have exhibited ulcers of the 
stomach and duodenum at autopsy and since the relation between 
protein deficiency and peptic ulcer is attracting general attention, it 
is desirable to record this feature of the experiments. Of related 
interest is the fact that Flood and Mullins® in producing peptic 
ulcers in dogs by the operative technic have observed the develop- 
ment of deficits in serum albumin which are similar to those result- 
ing from dietary deprivation of protein. 


PLAN OF EXPERIMENTS 


Animals: The 22 dogs on which this report is based were those 
that came to autopsy at the end of the experiment. In 12 instances 
death occurred spontaneously from severe inanition or from termi- 
nal infection; in 10 cases the animals were killed by the intracardiac 
injection of ether after extreme inanition had set in. The average 
original weight was 17.1 kilos; the average weight at the time of 
demise was 12.8 kilos. 

Diet: The method of preparation of the diet and the composition 
of the diet and salt mixture have been described previously.‘ For 
convenience the composition of the diet on which most of the dogs 
were maintained is repeated here. 


| 
Carrots 300 gm. 
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The amount represented by this mixture was given to each dog 
daily irrespective of its size. It furnishes 1200 calories and contains 
1.23gm. nitrogen. Five dogs on which metabolism observations were 
made during subsistence on the diet showed an average daily loss of 
1.15 gm. of nitrogen. The low amount of protein is the only impor- 
tant item in which the diet is deficient. The requirement for vitamin 
A is covered abundantly by the carrots and the cod liver oil; the 
latter constituent also covers the need for vitamin D. Although 
carrots furnish some vitamin C this constituent is not necessary for 
health in dogs. For calculating the vitamin B content of the diet we 
are indebted to Dr. George Cowgill of New Haven, who found it to 
be at the threshold of adequacy. To preclude the possibility that an 
associated B deficiency might be contributing to the results of the 
experiments the diet of 2 animals (5-69 and 5~70) were supple- 
mented by the daily addition of 0.4 gm. of an extract of rice polish- 
ings; in addition as a source of vitamin G 1 of these animals 
(5-69) received 11 gm. of liver extract daily.* Since both of these 
animals behaved in all obvious respects like the others and since 
both exhibited peptic ulcers at autopsy, it is certain that lack of 
vitamins B or G is not responsible for the postmortem findings. 
These facts are of some importance since other investigators®: 7 
have reported the presence of ulcers of the stomach and intestine in 
animals maintained on diets inadequate in vitamin content. 


PATHOLOGICAL FINDINGS 


The general behavior of dogs on the low protein diet and the 
features that characterize the development of hypoproteinemia and 
edema have been described in another place.* Only those findings 
that bear on a possible relation between peptic ulcer and dietary 
deficiency of protein will be described here. This purpose in de- 
scription is best served by a series of brief protocols. 


Dog 2-07 received the diet for 87 days. Death occurred from peritonitis 
following perforation of duodenal ulcer. There were 2500 cc. of cloudy fluid 
containing bits of food and fibrin in the peritoneal cavity. In the duodenum be- 


* The cod liver oil used in the diet is known commercially as Cod Liver Oil Stearine 
and was donated by Mr. L. D. Johnson of Mead Johnson and Company. The concen- 
trate of rice polishings is known by the trade name of Ryzamin-B and was furnished by 
Drs. C. S. Leonard and W. H. Stoner of Burroughs Wellcome and Company. The liver 
extract was Liver Extract No. 343, furnished through the kindness of Drs. G. H. A. 


Clowes and G. B. Walden of Eli Lilly and Company. 
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tween the ampulla and the pylorus were patchy areas where the surface was 
flattened and deeply discolored. Microscopic examination showed the mucosa 
in this region to be gangrenous with the process extending into the deeper 
layers. In the center of one of these areas was a sharply demarcated ulcer, 8 mm. 
in diameter, extending entirely through the intestinal wall (Fig. 1). 

This case was classified as peptic ulcer of the duodenum. 


Dog 5-69 received the diet for 101 days. Death resulted from the intracardiac 
injection of ether. In the duodenum, 1 cm. below the pylorus, was a well de- 
fined, superficial shallow erosion 8 mm. in diameter. The central portion of this 
erosion, more deeply ulcerated, showed several points of recent hemorrhage. 
Microscopic section, which unfortunately missed the point of deepest ulcera- 
tion, showed denudation and necrosis of the mucosa with surrounding areas 
infiltrated with polymorphonuclear leukocytes. 

This case was classified as peptic ulcer of the duodenum. 


Dog 5-70 received the diet for 99 days. Death occurred from inanition. There 
were two circular, sharply demarcated ulcers, each about 1 cm. in diameter, at 
the pyloric ring: one extended to the muscle layer; the other was superficial. 
In addition, three shallow ulcers, 2-3 mm. in diameter, involving the gastric 
mucosa near the pylorus were present. 

This case was classified as peptic ulcer of the stomach. 


Dog 8-4o received the diet for 104 days. Death was caused by hemorrhage 
from duodenal ulcer. Two sharply defined ulcers were present just below the 
pyloric ring: one, 8 mm. in diameter, showed evidence of recent bleeding; the 
other, 1 cm. in diameter, exhibited no hemorrhage. Most of the small intestine 
was filled with recently clotted blood. The omentum and pancreas were ad- 
herent to the duodenum on its external wall. The appearance of a section 
through the ulcer is shown in Figure 2. 

This case was classified as peptic ulcer of the duodenum. 


Dog 4-87 received the diet for 110 days. Death occurred from peritonitis. In 
the duodenum there was a band of dark discolored mucosa, 2.5 cm. wide, 
2 cm. below the pylorus. Two circumscribed ulcers, each 2 by 3 mm., one at the 
junction of the pylorus and duodenum and the other at the lower edge of the 
dark band were observed. No site of perforation could be detected. 

This case was classified as peptic ulcer of the duodenum. 


Dog 1-91 received the diet for 75 days. Death resulted from the intracardiac 
injection of ether. There were three sharply defined ulcers present, each about 
5 mm. in diameter, one in the fundus of the stomach and two in the duodenum 


about 2 cm. below the pylorus. 
This case was classified as peptic ulcer of the stomach and duodenum. 


Dog 1-92 received the diet for 47 days. Death resulted from the intracardiac 
injection of ether after the onset of pneumonia. A well demarcated, circular 
ulcer, about 1 cm. in diameter, involving the pyloric ring, was seen. 

This case was classified as peptic ulcer of the stomach. 


Dog 4-51 received the diet for 87 days. Death occurred from inanition. On 
the lesser curvature of the stomach and near the pylorus there was a deep ulcer, 
2 cm. in diameter, with firm cartilage-like edges. Deep congestion of the pyloric 
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mucosa and a number of small fresh hemorrhages between the pylorus and the 
ulcer were present. Microscopic examination showed complete destruction of 
the muscle layer which was replaced by dense scar tissue and scattered areas of 
cellular infiltration (Fig. 3). 

This case was classified as peptic ulcer of the stomach. 


Dog 1-89 received the diet for 123 days. Death occurred from inanition. The 
mucosa of the upper duodenum was deeply congested but showed no ulceration. 
A small circular erosion of the gastric mucosa, about 2 mm. in diameter, was 
present along the greater curvature. 

This case was classified as an erosion of the gastric mucosa. 


Dog 2-05 received the diet for 104 days. Death occurred from anemia and 
inanition. The duodenal mucosa between the pylorus and ampulla was deeply 
congested. From one spot, 2 mm. in diameter, in this area the mucosa was de- 
nuded. Microscopic examination confirmed this finding. 

This case was classified as an erosion of the duodenal mucosa. 


Dog 5-65 received the diet for 56 days. Death resulted from the intracardiac 
injection of ether. The gastric and duodenal mucosa were congested. Along the 
lesser curvature of the stomach were several pinpoint ulcers and several points 


of capillary hemorrhage. 
This case was classified as an erosion of the gastric mucosa. 


Dog 5-97 received the diet for 85 days. Death resulted from the intracardiac 
injection of ether. The mucosa of both stomach and small intestine was con- 
gested. A number of superficial ulcers of the gastric mucosa, about 2 mm. in 
diameter, were present near the pylorus. One of these areas, shown in the micro- 
scopic section (Fig. 4), extended partially through the mucosa and the sur- 
rounding tissues were infiltrated with lymphocytes and plasma cells. 

This case was classified as an erosion of the gastric mucosa. 


Dog 1-90 received the diet for 99 days. Death occurred from inanition. The 
duodenum between the ampulla and pylorus showed deep congestion. There 
were no gross defects in the mucosa. However, microscopic study revealed a 
small area associated with hemorrhage from which the mucosa was denuded. 

This case was classified as an erosion of the duodenal mucosa. 


Dog 2-3 received the diet for 88 days. Death resulted from the intracardiac 
injection of ether. There were no lesions of the gastric or duodenal mucosa. 
This case was classified as negative for ulcer or erosion. 


Dog 5-89 received the diet for 78 days. Death resulted from the intracardiac 
injection of ether. The mucosa of the stomach and small intestine was every- 
where congested; the congestion was most increased in the regions adjacent to 
the pylorus. Scattered pinpoint hemorrhages were present in the areas of deeper 
congestion. Microscopic examination did not reveal defects of the mucosa. 

This case was classified as negative for ulcer or erosion. 


Dog 5 received the diet for 59 days. Death resulted from the intracardiac in- 
jection of ether. Areas of congestion and edema were present throughout the 
mucosa of the entire small intestine. There were no points of ulceration or 
erosion and no hemorrhages. 

This case was classified as negative for ulcer or erosion. 
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Dog 3-87 received the diet for 79 days. Death occurred from inanition and 
terminal hypostatic pneumonia. The mucosa in the upper duodenum was 
deeply congested without erosions or ulcers. Microscopically the capillaries 
were enormously distended with blood but the surface mucosa was intact. 

This case was classified as negative for ulcer or erosion. 


Dog 4-00 received the diet for 86 days. Death occurred from inanition. The 
mucosa of the duodenum and stomach was normal. The bile duct and pancre- 
atic duct opened separately into the duodenum. 

This case was classified as negative for ulcer or erosion. 


Dog 3-67 received the diet for 100 days. Death resulted from the intracardiac 
injection of ether. Except for intense jaundice there was no pathological change 
in the stomach or intestine. 

This case was classified as negative for ulcer or erosion. 


Dog 2-93 received the diet for 87 days. Death resulted from inanition and 
pneumonia. The mucosa of the stomach and intestine was normal. 
This case was classified as negative for ulcer or erosion. 


Dog 8-38 received the diet for 78 days. Death resulted from inanition. The 
autopsy notes contain no reference to the stomach or intestine. Presumably 
these structures were normal. 

This case was classified as negative for ulcer or erosion. 


Dog 2-06 received the diet for 135 days. Death resulted from the intracardiac 
injection of ether after extreme inanition had set in. The stomach contained a 
ball of matted hair which weighed 64 gm. Although the epithelium of the duo- 
denum and pyloric end of the stomach was moderately edematous there was 
neither macroscopic nor microscopic evidence of ulceration. This finding has 
collateral interest since Pappenheimer and Larimore® have reported that hair is 
an inciting cause of ulcers in the esophageal end of the stomach of rats main- 
tained on a deficient diet. 

This case was classified as negative for ulcer or erosion. 


Tabulation of the foregoing protocols shows that among the 22 
dogs there were 8, or 36 per cent, that developed true peptic ulcer 
on the diet; 5, or 23 per cent, that exhibited superficial erosions of 
the gastric or duodenal mucosa; and 9, or 41 per cent, in which 
neither ulcers nor erosions were found. 


COMMENT 


Since this paper has no other purpose than to place on record an 
incidental finding in the course of another investigation, detailed 
discussion will be omitted. It is apparent that the findings permit of 
more than one interpretation. Accessory data concerning gastric 
acidity, gastric and duodenal enzymes, and gastro-intestinal mo- 
tility were not obtained. In their absence speculation as to the 
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nature of the relation between peptic ulcer and a protein-deficient 
diet must be withheld. 

An attempt to correlate the occurrence or non-occurrence of ulcer 
with other data in our possession has yielded no clear-cut informa- 
tion. The length of time on the diet was apparently not a deciding 
factor; the 8 dogs that developed ulcers received the diet for an 
average of 89 days, and the 14 dogs without ulcers were on the diet 
for an average of go days. The degree of emaciation, as gauged by 
the percentage loss in weight, seemed to be irrelevant; the animals 
developing ulcers exhibited an average loss in weight of 22 per cent, 
and the animals without ulcers showed an average weight loss of 27 
per cent. The degree of anemia as estimated from hematocrit read- 
ings failed to shed additional light on the etiology; in the ulcer group 
the average relative red cell volume was 31 per cent, and in the 
group without ulcer it was 34 per cent. The degree of depletion of 
the serum albumin alone suggested the possibility of a positive corre- 
lation: in the ulcer group the average albumin concentration at the 
time of last analysis was 1.16 gm. per cent; in the group without 
ulcer it was 1.51 gm. per cent. However, the individual levels varied 
widely, there was considerably overlapping between the two groups, 
and the difference is without statistical significance. 


SUMMARY 


The development of peptic ulcers of the stomach and duodenum in 
dogs maintained on a diet deficient in protein is described. Among 
22 animals that received the diet for an average period of go days 
there were 8, or 36 per cent, that exhibited true peptic ulcers at 
autopsy. Of the remaining 14 there were 5, or 23 per cent, that 
showed erosions of gastric or duodenal epithelium without true ulcer 
formation. 


REFERENCES 


1. Weiss, A. G., and Aron, E. Rédle des acides aminés dans |’évolution de 
Pulcére expérimental; influence de Vhistidine. Presse méd., 1933, 41, 
1880-1883. 

2. Mann, Frank C., and Williamson, Carl S. The experimental production of 
peptic ulcer. Ann. Surg., 1923, 77, 400-422. 

3. Hoelzel, Frederick, and DaCosta, Esther. Production of ulcers in the 


prostomachs of rats by protein restriction. Proc. Soc. Exper. Biol. & 
Med., 1932, 29, 382-384. 


nd 

yas 

ies 

he 

e- 

Cc 

e 

4 

= 


256 WEECH AND PAIGE 


4. Weech, A. A., Goettsch, E., and Reeves, E. B. Nutritional edema in the dog. 
I. Development of hypoproteinemia on a diet deficient in protein. J. 
Exper. Med., 1935, 61, 299-317. 

Weech, A. A., Goettsch, E., and Reeves, E. B. Nutritional edema in the dog. 
II. Hypoalbuminemia and the augmentation of tissue fluid. J. Exper. 
Med., 1935, 61, 717-734. 

5. Flood, Charles A., and Mullins, Clinton R. Experimental peptic ulcer. The 
effect of surgical duodenal drainage upon dogs and the value of histidine 
in preventing ulcers. Am. J. Digest. Dis. & Nutrition, 1936, 3, 249-255. 

6. Dalldorf, Gilbert, and Kellogg, Minerva. Incidence of gastric ulcer in 
albino rats fed diets deficient in vitamin B (B,). J. Exper. Med., 1932,56, 
391-398. 

7. McCarrison, Robert. Studies in Deficiency Disease. Hodder & Stoughton, 
London, 1921. 

8. Pappenheimer, Alwin M., and Larimore, Louise D. The occurrence of gas- 
tric lesions in rats. Their relation to dietary deficiency and hair ingestion. 
J. Exper. Med., 1924, 40, 719-732. 


DESCRIPTION OF PLATES 


PLATE 45 


Fic. 1. Dog 2-07. Perforating ulcer of the duodenum with discoloration of the 
neighboring mucosa. 


Fic. 2. Dog 8-40. Ulcer of the duodenum resulting in fatal hemorrhage. 
X Io. 
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PLATE 46 


Fic. 3. Dog 4-51. Chronic cicatrizing ulcer of the stomach. x 8. 


Fic. 4. Dog 5-97. Superficial erosion of the gastric mucosa. x 8. 
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THE SIGNIFICANCE OF MYELIN SHEATH DEGENERATION 
AND ITS RELATION TO INCOORDINATION * 


D. F. EvELEtH, Pu.D., H. E. BrestEr, V.M.D. 
(From the Veterinary Research Institute, Iowa State College, Ames, Iowa) 


A disease occurring in swine designated as posterior paralysis and 
accompanied by myelin sheath degeneration of the cord and the 
brachial and sciatic nerves was reported from this Institute by 
Wehrbein! in 1916. The condition is first manifested by a slight 
posterior weaving gait and incoordination. The incoordination 
progresses until the affected animals are unable to stand on their 
hind legs, which are dragged while they pull themselves along with 
the forelegs. In severe advanced cases the incoordination may be- 
come general and involve all four extremities. Bacteriological ex- 
aminations are negative. Emulsions made from the brain, cord, 
nerves, heart’s blood, bone marrow, spleen and other organs of 
affected animals will not produce the disease when introduced by 
various routes into healthy animals. Microscopic preparations of 
various organs, including the nervous system, stained by hematoxy- 
lin and eosin show no specific changes. The only change found con- 
sists of degeneration of the myelin sheaths, as demonstrated by the 
Marchi method for the determination of fat. Later Hughes, Lien- 
hardt and Aubel? produced incoordination in swine, with myelin 
sheath degeneration, by feeding rations designed for the deficiency 
of vitamin A (white corn, tankage and bone meal). 

Biester and Murray* found nerve degeneration a constant lesion 
in field cases and in experimental swine fed rations low in vitamin A. 
Elder,‘ working with swine, found that rations considered adequate 
in vitamin A produced myelin degeneration of the nerves. Using 
rats as experimental animals Zimmerman® reported degeneration 
of the myelin sheaths of the brachial and sciatic nerves but not of the 
optic nerve. 

Zimmerman and Burack® demonstrated demyelinization of the 
nerves of dogs deficient in the vitamin B complex. Further studies 
by the same authors’ established that demyelinization of the nerves 
of dogs could be produced by diets deficient in B, or G. Prickett® 


* Received for publication August 12, 1936. 
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found nerves from rats fed a restricted diet stained with osmic acid, 
whether receiving vitamins B and G or not. Crane-Lille and 
Rhoads® report myelin degeneration in dogs fed a pellagra-producing 
diet. Campos, Campos and Maffei!® report the absence of nerve 
lesions in experimental vitamin B deficiency in rats. 

The similarity of the lesions reported produced by deficiency in 
vitamin A or the vitamin B complex in different species of animals 
seemed to indicate that the significance of the pathological lesions 
of the nerves and cord in these conditions is not clearly understood. 


TABLE I 
Data on Field Cases of Swine Showing Posterior Paralysis 


Pi coe Myelin degeneration 
Ne Farm Age Incoordination 
o. Sciatic Brachial | Cord 


i 


Advanced 


Slight 
Advanced 


“ 
“ 


n 

oo 

SW NH 
HS VWW 
HHt+ +H + + 


Complete 


Controls 


499 Institute 43 -- = 


498 


T = Trace. 


This report will be confined to a discussion of the myelin degenera- 
tion of the cord, sciatic and brachial nerves of swine restricted to a 
certain dietary regimen known to be deficient in vitamin A and 
B,, as well as one containing A and B,. Details of the vitamin A and 
B, experiments will be reported later. 

In Table I are shown the results obtained on a few field cases of 
posterior paralysis in swine. At the time these cases were investi- 
gated the presence of myelin degeneration of the cord was con- 
sidered diagnostic for vitamin A deficiency. Control swine raised 
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on the Institute farm and fed the stock diet with pasture in season 

have never shown either incoordination or myelin degeneration. 
Table II shows the results of a study of treated pigs from a field 

outbreak of so-called posterior paralysis. 


TABLE II 


Animals exhibiting the 


Effect of Feeding Vitamin A-Containing Supplements to Field Cases of Swine 
Basat Dret* 


2 | fed ad lib. 
Chops (} corn, oats, ground)................ 
Treated Swine 
Myelin degeneration 
Pig I 
No. Sciatic Brachial Cord 
mos. 
511 8 Recovered aa + + K* 
512 8 + K* 
504 12} + K* 
Untreated Controls 
ENTIRE RATION 
20% 
510 8 + + A + K 
492 4 + + * Dp 
496 33 + + + D 
487 23 + + - + K 


* A-containing ration (7/28 to 11 28); Pig 504 (11/29/32 to 4/19/33). 
** Corn from farm wh 504 (11/29/3 

K = Killed. 
D = Died. 


typical symptoms, together with some of the corn from the farm 


involved, were moved to the laboratory for further study. 


The yellow corn fed on this farm was of a poor quality. Its nutri- 
tional value, especially the vitamin A content, was questioned be- 
cause of the conditions under which it was grown, due to a severe 
drought affecting the area. 
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The untreated group (Table II) was fed this corn with a supple- 
ment of tankage and bone meal. Pigs 492 and 496 died and were 
immediately autopsied. Typical myelin sheath degeneration was 
observed. Pigs 487 and 510 were killed to obtain fresh tissues, 
These also presented degenerated myelin sheaths. Pigs 504, 511 and 
512 were placed on a ration that was high in vitamin A and its pre- 
cursors. In these pigs the symptoms of incoordination disappeared 
at the end of about 3 months. They were again able to stand and 
walk (Figs. 1 and 2). The symptoms could be brought back by 
severe exertion and fatigue but would disappear after rest. The 
recovered animals were kept on the ration high in vitamin A for an 
additional month, after which time Pigs 511 and 512 were killed. 
Severe myelin degeneration was found in these two animals although 
the clinical symptoms had disappeared (Fig. 3). The factor that 
corrected the incoordination apparently had no appreciable effect 
on the myelin degeneration. At this time Pig 504 was placed on a 
vitamin A-deficient ration for nearly 5 months for the purpose of 
bringing back the symptoms of incoordination, but without success. 
On postmortem examination the myelin degeneration was not quite 
as severe as in Pigs 511 and 512. 

The authors are indebted to Prof. V. E. Nelson, of the Department 
of Chemistry, for assay of the corn from the field cases cited in 
Table II. The results were not available until the close of the experi- 
ment. It showed that the vitamin A content did not differ from that 
of the corn used on the Institute farm where incoordination appeared 
only in experimentally produced cases. A consideration of the evi- 
dence in this and subsequent experiments in which we were unable to 
cure the condition by cod liver oil alone suggests that some factor 
other than vitamin A corrected the incoordination. 

A ration known to be deficient in vitamin A, as ascertained by 
assay on chicks, was fed to a group of pigs from farrowing time until 
the animals were killed for pathological material. In all cases myelin 
degeneration was present (Table III). Pig 569 with complete in- 
ability to stand or walk on its hind legs was brought indoors and 
given massive doses of cod liver oil and a vitamin B concentrate. 
No improvement was noted in 2 months so it was killed. Controls 
522, 531 and 532 were fed the same ration as the others but as 
soon as they developed a stilted gait at 4 months of age yellow 
corn was substituted for white corn and cod liver oil added to 


wet 
[ 
a 
7 
i 
> 
le 


MYELIN SHEATH DEGENERATION 261 


the diet. The objective was to check and cure the condition in its 


early stage. 
The severity of the incoordination was not correlated with that of 


TaBLe III 
Data on Swine Fed Diet Deficient in Vitamin A 
BasaL Diet 
Fig Time on diet Incoordination 
ig Sciatic Brachial Cord 
mos. 
523 9 Slight + fe 
524 10 ++ + 
527 12 
528 12 . + + + 
520 12 + + 
530 12 . + + + 
534 14 T + 
535 14 “4 T T + 
555 73 T T 
552 8 Complete + 
*569 92 + + 
574 9 None T T ~ 
Controls 
BasaL Diet 
522 9 Stilted gait + + 
532 12 45 + 
531 12 ai + + + 


* Cod liver oil and Harris B concentrate — no effect. 
T = Trace. 


the myelin degeneration. It is also pointed out that these rations 
contained adequate vitamin B complex. Tests on day old chicks 
showed that corn supplies sufficient vitamin B complex when fed at a 
level of 75 per cent of the ration. 


& 
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The storage of vitamin A was next considered in a group of swine. 
Sows were placed on white corn, skim milk powder and bone meal 
from 1 to 3 months before breeding. Both white corn and the skim 
milk powder had been assayed on chicks and found to be very low in 
vitamin A but adequate in vitamin‘®,. The pigs of this group 
(Table IV) developed symptoms of incookdination very early in life, 


TABLE IV 


Data on Pigs from Sows Fed 1-3 Months Prior to Br 
20% Skim Milk and 1% Bone & 


ing on 79% White Corn, 
eal 


Fig Myelin degeneration 
‘ Sciatic Brachial Cord 
mos. 
655 3 Advanced T T * »D 
654 3 T + D 
656 3 . T T D 
646 4 D 
647 4 + K 
657 7 T + K 
Skim Milk Powder ad lib. 
671 8 Recovered = 
665 10 T + K 
743 12 ? ? 
744 12 ? ? ? K 
Controls Received Yellow Corn + Cod Liver Oil After Early Symptoms 

748 13 None + K 
749 13 + K 
T = Trace. 

D = Died. 

K = Killed. 


before weaning in many instances. The severity of the incoordina- 
tion increased rapidly in this group, some individuals succumbing as 
early as 3 months of age. These pigs, unlike those shown in Table 
IIT, showed severe incoordination but only mild nerve degeneration 
and less severe changes in the cord. Pigs 671, 665, 743 and 744 were 
given skim milk powder ad lib. at the age of 4 months. After 3 
months the ration was changed to include equal amounts of ground 
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white corn and skim milk powder. Pigs 748 and 749 were fed yellow 
corn and cod liver oil at 2} months of age. 

Pigs 743 and 744 (Table IV) fed large amounts of skim milk 
powder until 12 months of age revealed no changes in the myelin 
sheaths by means of the Marchi method. The fat adjacent to the 
nerves also failed to react. A failure in technic was considered. The 
blocks were blackened but when microtome sections were made 
these appeared yellowish gray. The remaining portion of the 
Miiller’s fluid-osmic acid mixture was used on control material which 
reacted in the conventional manner by blackening fat and degener- 
ated myelin. Investigations are underway to determine the presence 
of some factor in skim milk powder that may be responsible for this 
behavior. It should also be noted that only traces of degeneration 
could be demonstrated in Pigs 671 and 665 fed large quantities of 
skim milk powder for 8 and 10 months respectively. 

In Figures 4, 5 and 6 are shown cords of pigs showing degeneration 
on low vitamin A rations, adequate vitamin A rations and a normal 
control. 

Grains are known to contain vitamin B but since many of them 
are stored long periods and often harvested in an immature state the 
possibility of a vitamin B deficiency as the cause of demyelinization 
of the nerves of swine was considered. 

The presence of myelin degeneration after recovery from in- 
coordination (Table II) and the findings in rats by Zimmerman 
suggested the need of some data for comparative purposes on the 
effect of vitamin B,-free rations on swine. In attempting to evaluate 
a change such as myelin degeneration it should be realized that basal 
rations used in nutritional studies are extremely limited and arti- 
ficial. In an effort to control a given vitamin we believe unknown 
factors are introduced. 

Normal swine of various sizes were fed diets previously assayed on 
chicks for vitamin B,. Any rations fed chicks, 24 hours after hatch- 
ing, which died of polyneuritis within 7 to 12 days, were considered 
deficient in B,;. In Table V are shown the results of the effect of the 
presence or absence of B, on myelin degeneration of the nerves of 
swine on restricted diets. The type of degeneration is identical with 
that shown in Figures 1 and 2. These results show definitely that 
vitamin B, does not play a part in the production of these lesions 
since both the controls and the B deficient animals show degenera- 
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tion. Since cod liver oil was fed to all pigs on the B, experiment, 
vitamin A was eliminated as a causal factor. 

Evidence obtained from other species has indicated that diets 
lacking in some unknown factor, exclusive of vitamins A and B,, will 
produce myelin degeneration. Biester, Greenwood and Nelson,” 


TABLE V 


Vitamin B,-Free Rations Fed Swine* 


Polished rice + washed casein 10%, tankage 10% 
Polished rice + tankage 20% 
Polished rice + washed casein 10-20 %** 


TISSUES INCOORDINATION MYELIN DEGENERATION 
No. pigs 7 None Spinal cord 100% 


Vitamin B,-Containing Rations* 


Polished rice + untreated skim milk powder 10%, tankage 10% 
Polished rice + tankage 20% + yeast 2.1% 
Polished rice + washed casein + yeast 2.1% 


TISSUES INCOORDINATION MYELIN DEGENERATION 
No. pigs 5 None Spinal cord 100% 


* Each basal ration included bone meal 1%, NaCl 0.3%, and 15 cc. cod liver oil per pig. FeCl, was 
fed to groups not receiving tankage. 
** 10% fed during first 104 days. 


using dogs during the course of studies on fluorine toxicology, found 
severe myelin degeneration in the spinal cords of both fluorine-fed 
and control animals (Fig. 7). 

During the first 4 months the dogs received 180 cc. of whole milk 
and a commercial dog preparation containing 19 per cent digestible 
protein. Vitamins A, B, D and G were amply supplied. The vita- 
min C content of the ration was low. From 4 months of age until 
destruction the dogs received a daily ration patterned after that of 
Mellanby, which consisted of the following: 


Ideal dow food (commercial) 23 
Sodium chloride (0.01°gm. Nal per 100 gm.) ........... 
and 
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The yellow corn and hulled oats were moistened, autoclaved 
1} hours at 15 pounds pressure and then dried. This was done to 
render them more palatable before incorporation in the mixture. 
The commercial dog food contained approximately 12 per cent 
protein. This ration included sufficient quantities of vitamins A, B, 
D and G. 

The dogs fed the above ration showed, in addition to the spinal 
cord lesions, fatty degeneration of the renal epithelium in the 
medullary rays confined chiefly to the spiral convoluted tubules. 
This characteristic distribution could be seen plainly without magni- 
fication in the slides prepared by the Marchi method. These dogs 
manifested no incoordination or other clinical symptoms. Blood and 
urine examinations by standard chemical methods were negative for 
nephritis. 

Day old chicks were kept on the same rations as the swine. 
Although the chicks succumbed or were moribund as a result of 
A or B, deficiencies respectively, myelin degeneration in the sciatic 
nerves was absent in most cases while in a few animals a few fibers 
were affected. The absence of or relatively slight nerve lesions found 
in these chicks was ascribed to the short duration of the experiments. 
This may also account for the results of Campos, Campos and 
Maffei,!° who fed rats vitamin-deficient rations for relatively short 
periods of time. The high protein rations (42 per cent casein) used 
by these authors may be a factor, since unconfirmed results obtained 
in one of our experiments indicate that ad lib. feeding of skim milk 
powder will cure incoordination and produce a regeneration of the 
myelin sheaths (Pigs 671, 665, 743, 744 (Table IV)). Further ex- 
perimentation on this point is underway. Field cases of incoordina- 
tion were cured by ad lib. feeding of skim milk powder. Unfortu- 
nately tissues from these cases were not available. 


SUMMARY AND CONCLUSIONS 


These experiments suggest that the incoordination and myelin 
degeneration in the nervous systems of swine are caused by different 
etiological agents. 

Severe myelin degeneration has been produced in the absence of 
incoordination. 

Experiments conducted over a period of 4 years have shown that 
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neither vitamins A nor B complex are responsible for the myelin de- 
generation of the spinal cords and peripheral nerves in swine. 

Severe myelin degeneration without incoordination was found in 
dogs fed a ration that included vitamins A, B complex, D and E. 
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DESCRIPTION OF PLATE 


PLATE 47 
Fic. 1. Showing affected pigs (Nos. 511, 512 and 504). 
Fic. 2. Same pigs 3 months after change of ration. 
Fic. 3. Spinal cord from recovered case, Pig. 511. Marchi method. x 400. 


Fic. 4. Spinal cord from pig receiving ration containing B complex but deficient 
in A. Marchi method. x 400. 


Fic. 5. Spinal cord from pig receiving adequate A and B complex. Marchi 
method. x 400. 


Fic. 6. Spinal cord from control pig kept on pasture. Marchi method. x 400. 


Fic. 7. Spinal cord from dog receiving vitamins A, B complex, D and E. 
Marchi method. x 400. 
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MESENTERIC CHYLADENECTASIS* 


REPORT OF A CASE 


JoserH M. Hitt, M.D. 
(From the Department of Pathology, Buffalo City Hospital, Buffalo, N. Y., and 
Baylor University College of Medicine, Dallas, Texas) 

Although moderate dilatation of lymph node sinuses is commonly 
seen, extensive dilatation with the formation of multiloculated or 
single cysts is exceedingly rare. Ectasia of the mesenteric lymph 
nodes with inspissation of chyle is apparently even more unusual. 
Von Rokitansky' first discussed this condition in 1855. He reported 
a case in which multiloculated dilatation of the mesenteric lymph 
nodes was found. Fatty material filled these cystic spaces. 

Gjorgjevic? in 1871 first proposed the term lymphadenectasis to 
describe dilatation of lymph nodes. Odenius’ classified cystic 
lymphangioma separately from simple dilatation of lymph node 
sinuses. This latter condition was termed lymphadenocele, while 
development of a central cyst by gradual distention was called 
simple cystic metamorphosis. 

Many theories to explain the dilatation of lymph nodes and 
lymphatics have been proposed. The mechanical theory suggested 
by von Rokitansky! and Killian* emphasized passive formation of 
dilatation due to obstruction of lymph vessels. Klebs® mentioned 
increased lymph production peripherally. Obstruction of the 
thoracic duct in the etiology has been advocated by Enzmann,® 
Killian, and Virchow.’ So-called infarction of efferent vessels 
caused by inspissated chyle has been suggested by von Rokitansky? 
and Spaeth.’ Gross® produced congestion of chyle by tying the 
thoracic duct and the iliac vein. He believed that a congestion of 
circulation was also necessary. Naumann? spoke of a chronic 
desquamative lymphangitis as a possible cause of mesenteric cysts. 
Orth" attributed local disturbances of lymph circulation to inflam- 
matory changes. 

The dilatation of lymph channels and chylous retention cysts has 
even been linked with neoplasm. In the cases of lymphangioma and 
chylangioma, Wegner” and Sudhoff'* have assumed that first re- 

* Received for publication July 11, 1936. 
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tention congestion may occur, followed by irritation or by trauma, 
and the result is the formation of a neoplasm, chylangioma or 
lymphangioma. Sudhoff* went even farther and assumed that both 
retention cysts and true chylangioma might occur in the same 
patient simultaneously. However, Swartley" believed that cystic 
malignant disease of the mesentery, as suggested in the classification 
of Carter,® was not tenable. He assumed malignant changes 
occurred in already existing cysts. 

The case herein reported does not fall in the group of true neo- 
plasms or the classification of mesenteric cysts arising from embry- 
onic rests emphasized by Dowd,"* Ney and Wilkinson,!’ and Swart- 
ley.14 The cystic changes of the lymph nodes more closely simu- 
lated the lesions originally reported by von Rokitansky.! 

Clinically this case is of interest because of the difficulty of diagno- 
sis. The outstanding symptoms of ravenous appetite, somnolence 
and emaciation were also noted by Wilson** in his report of a large 
chylous cyst. 

REPORT OF CASE 

Clinical History: The patient, a white Polish farmer, aged 60 years, was 
admitted to the hospital with the complaint of vomiting, diarrhea, and pain in 
the epigastrium for 2 months. No history of any relative past illnesses could be 
obtained with the exception of a similar attack 1 year previous. The latter 
assertion was made on only one occasion and could not be confirmed. 

Physical examination revealed an extremely emaciated white male, mentally 
confused. The only positive findings consisted of oral sepsis, a few rales heard 
over the base of the lungs and poor heart tones. Palpation of the abdomen and 
rectal examination revealed nothing. The blood pressure was 110/70. The 
hemoglobin was 60 per cent by Sahli, the red cell count 3,250,000, the white cell 
count 6800, of which 73 per cent were polymorphonuclears and 27 per cent 
lymphocytes. The blood chemistry showed a blood sugar of 35 mg. after the 
specimen had been in the icebox overnight. The chemistry was otherwise nega- 
tive. X-ray study of chest and gastro-intestinal tract was not diagnostic. 

The patient’s condition became progressively worse, although he made no 
definite complaints. He became extremely weak and hypotension developed. 
His appetite was good but he was somnolent. 

The temperature never exceeded normal, except during the period just before 
death, and was for the most part subnormal, around 97° F. The pulse ranged 


from 70 to 8o. 
Mental confusion developed, then coma, and the patient died 7 weeks after 


entering the hospital. 


POSTMORTEM EXAMINATION 


The body was that of an extremely emaciated white male, 60 years 
of age, 165 cm. in length, weighing 90 pounds. The skin was pale. 
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Thorax: There were about 200 cc. of straw colored fluid containing 
small flakes and strings of fibrin in the left pleural space. The lungs 
were intensely edematous with passive hyperemia posteriorly. 
There were also poorly outlined, irregular areas of slightly increased 
density in these congested portions of the lungs. The heart showed 
adherence of the two layers of the pericardium. The myocardium 
was a dark brown color, extremely flaccid with a peculiar gelatinous 
appearance and almost diffluent in consistence. 

Abdomen: The liver and spleen showed moderate chronic passive 
congestion. The gastro-intestinal tract was edematous and con- 
gested throughout. The pancreas exhibited an increase in density, 
and a moderate nephrosclerosis of both kidneys was found. 

Mesentery: All the mesenteric lymph nodes were enlarged, and 
ranged in size from 0.8 to 3 cm. in diameter. They were firm, 
smooth, discreet, and on section all exhibited a cystic spongy appear- 
ance. The same characteristics were apparent in even the smallest 
mesenteric lymph nodes. The cut surface was of a cream white color 
with a fatty material exuding from the small cystic spaces. This 
same type of lymph node enlargement was likewise found retro- 
peritoneally around the pancreas. 

The head and neck were not dissected. 

Anatomical Diagnoses: Mesenteric chyladenectasis, chronic and 
acute mesenteric and retroperitoneal lymphadenitis and lymphangi- 
tis, chronic pancreatitis with islet hyperplasia, moderate generalized 
arteriosclerosis, nephrosclerosis, brown atrophy of heart, chronic 
passive hyperemia of liver, spleen, and gastro-intestinal tract, 
chronic fibrous adhesive pericarditis, hypostatic bronchopneumonia, 
and acute serofibrinous pleuritis. 


HISTOLOGICAL FINDINGS 


On microscopic examination the spongy cystic structure of the 
lymph node resolved itself into dilated, tortuous communicating 
spaces, entirely filled with homogeneous lipoid material (Fig. 1). 
The dilated spaces had no consistent cell lining, but instead were 
limited by the reticulum fibers and cells of the lymph node stroma. 
However, there were fairly frequent giant cells which were occasion- 
ally sufficiently numerous to give the semblance of a complete 
lining. These cells appeared actively phagocytic with numerous fine 
particles of fat in their cytoplasm, and not infrequently engulfed 
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entire leukocytes. In structure the giant cells were of the usual 
foreign body type with somewhat oval shaped nuclei having no 
characteristic arrangement. 

The lymph node stroma consisted of the usual recticulum showing 
numerous bands of thickening and areas of fibrosis. Thickening of 
the capsule was likewise found in all the involved lymph nodes. Not 
infrequently areas of hyalinization of the reticulum were encoun- 
tered. This process was most common in the group of lymph nodes 
adjacent to the pancreas. In these, too, the lymph nodules often 
exhibited central hyalinization, and in some instances complete 
obliteration of the nodules resulted. 

The cellular elements of the lymph nodes were interesting because 
of their variety. In addition to the giant cells already noted there 
was an increase in the number of the reticulum cells, likewise most 
notable in the areas close to the dilated sinuses (Fig. 2). Various 
stages of differentiation from the small simple type with oval, 
chromatin-poor nuclei and scanty, somewhat elongated, poorly de- 
fined cytoplasm, all the way up to the giant cell were found. The 
intermediate forms exhibited widening of the cytoplasm with definite 
cytoplasmic boundaries and a slightly larger round nucleus with 
occasional prominent nucleoli. These more differentiated forms of 
reticulum cells contained many fine fat droplets in their cytoplasm. 
In addition fairly numerous plasma cells and tissue mast cells were 
demonstrated. The lymphocytes for the most part were arranged 
diffusely and in small, poorly outlined collections. This breaking up 
of the lymph nodule architecture was, of course, more pronounced 
in the nodes showing the greatest degree of ectasia. 

Scattered polymorphonuclear neutrophiles were found in all 
lymph nodes but were relatively scarce in those of the lower part of 
the mesentery, and much more numerous in the lymph nodes in the 
pancreatic group. In the latter instance actual plugging of the 
lymphatic vessels and parts of the cortical sinuses with leukocytes 
could be seen. 

A search for microorganisms demonstrated the presence of Gram- 
positive cocci in chains in the lymphatic vessels and lymph nodes. 
Their number ran parallel with the degree of polymorphonuclear 
leukocytic infiltration. In the lower mesenteric nodes small numbers 
of these organisms were found, most frequently located in the 
perivascular lymph spaces. 
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Examination of the sinus contents showed a homogeneous ma- 
terial which took a uniform red stain with scharlach R. Polariscopic 
study did not reveal anisotropic characteristics. 

No increase of smooth muscle fibers was found in these lymph 
nodes. The dilated sinuses particularly failed to exhibit an indica- 
tion of smooth muscle as found in lymph vessel walls. 

The loose fibrous tissue of the mesentery adjacent to lymph nodes 
showed diffusely scattered plasma cells and large numbers of dilated 
lymph capillaries. The capillaries were made up of flattened endo- 
thelial cells only. No mitoses or atypical cytological features were 
seen. These minute vessels were completely filled with lipoid ma- 
terial identical with that described in the lymph nodes. 

Pancreas: There was definite increase of the interstitial fibrous 
tissue, particularly of that around the duct system, with the fre- 
quent formation of a partially hyalinized fibrous tissue collar. 
Polymorphonuclear neutrophiles could be demonstrated in the 
periductal lymphatics and were found entirely occluding the large 
lymphatics in the peripheral portions of the pancreas. An unusual 
feature was the proliferation of the intercalary ducts and the centro- 
acinal cells and an increase in number of large islands. In a few areas 
where exocrine glandular epithelium was almost entirely replaced by 
fibrous tissue, a proliferation of islet cells assumed the proportion of 
an adenomatous type of hyperplasia. Scharlach R preparations 
showed increased lipoid content in the islet cells, sharply differen- 
tiating them from the surrounding parenchyma. 

Intestine: A definite filling with fat and some distention of the 
lacteals and associated lymphatics was demonstrated in scharlach 
R preparations. 

Microscopic examination of other organs showed hypostatic 
bronchopneumonia, moderate nephrosclerosis, and brown atrophy 
of the heart. 


DISCUSSION 


The lymph node lesions in this case appeared to be due to dilata- 
tion by chyle, with subsequent breakdown of the emulsion and in- 
spissation. The causative obstruction must have been of a wide- 
spread and diffuse character, in view of the rich collaterals in the 
lymphatic drainage of the mesentery. Such a requirement was 
provided by the unusual chronic inflammation and fibrosis in the 
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lymph nodes of the entire mesenteric, peripancreatic and upper 
retroperitoneal regions. 

The attack of abdominal pain 1 year previous to hospitalization 
may have had a casual relation to the old hyalinized fibrosis of pan- 
creas and lymph nodes. Obliteration of some lymphatic channels 
probably occurred. However, the more recent active chronic in- 
flammation most likely accounted for the obstruction of the major 
portion of the lymphatic routes of drainage with consequent sinus 
dilatation. The possibility that this lymphadenitis in itself per- 
mitted the lymph nodes to dilate more readily should also be con- 
sidered. The acute exudative inflammation of the lymphatics was 
apparently a terminal process with chylous stasis favoring the rapid 
spread of the infection. 

As to the location and nature of the initial infectious process, one 
can only speculate. Both the pancreas and the intestine must be 
considered. Inflammatory changes were more prominent in the 
proximal group of lymph nodes in the pancreatic region while ectasia 
was the most evident feature of the mesenteric group. Nevertheless, 
some attempt at collateral compensation was seen in the presence of 
small amounts of fat in the peripancreatic lymph node sinuses and 
lymph vessels. 

While somewhat similar gross and histological pictures are found 
in undoubted true neoplasms, chylangiomas or lymphangiomas, as 
described by Sudhoff* and von Haberer,!® the case herein reported 
differed in several important features. The cystic spaces had all the 
characteristics of lymph node medullary sinuses, were definitely 
located in lymph nodes and had no true endothelial lining. Further- 
more, smooth muscle could not be demonstrated around these cystic 
channels, as reported by Schmidt,”° and von Haberer.!® In addition 
the age of 60 years is against congenital factors, as in chylangiomas, 
which are reported most frequently in children and occasionally in 
young adults. Such cases have been reported by Royster,”! Sudhoff,® 
Flynn,” Lauterburg,”* Collins and Berdez™ (Case 1), Harbitz,” and 
Ebhardt.” Finally, although there was some dilatation of intestinal 
lacteals and lymphatics, the typical cystic masses did not involve 
the intestine at any point. 

The addition of chyladenectasis as a separate group to the classifi- 
cation of mesenteric cysts seems justified. Cases of lymph node 
dilatation resulting from inflammatory and mechanical factors are 
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probably not of the extreme degree of rarity indicated by a survey of 
the literature. Some have undoubtedly been reported as chylous 
mesenteric cysts and some probably as chylangioma or cystic 
lymphangioma. The second case of Collins and Berdez* seems to be 
one of dilated lymph nodes. 

The diagnosis of chyladenectasis must be considered in cases of 
multiloculated multiple cysts located in the mesentery and not in- 
volving the intestine wall, particularly in older adults. The finding 
of chylous or fatty contents in the dilated lymph node sinuses with- 
out a complete endothelial lining, the absence of smooth muscle 
fibers in the walls of the cystic spaces, and a suitable obstruction to 
chylous drainage are the main points in diagnosis. 


SUMMARY AND CONCLUSION 


A case of mesenteric chyladenectasis is reported. 

Microscopic study demonstrated lymph node sinuses dilated by 
inspissated chyle. 

All the unusual cellular elements of lymph nodes were either in- 
flammatory infiltrates, or reactive proliferations, attempting to re- 
move the lipoid material in the sinuses. 

The case is reported because it seems to explain the genesis of one 
type of mesenteric cysts. 


Note: The author is indebted to Dr. W. F. Jacobs, Buffalo City 
Hospital, for permission to report this case. 
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DESCRIPTION OF PLATE 


PLATE 48 


Fic. 1. Scharlach R stain showing dilated sinuses filled with lipoid material. 
The contents have fallen out of a few of the larger spaces during staining. 
x 15. 


Fic. 2. Hematoxylin and eosin stain of a lymph node showing proliferation of 
reticulum cells and formation of giant cells. x 250. 
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DIFFUSE PARIETAL ENDOCARDIAL SCLEROSIS * 
REVIEW OF THE LITERATURE AND REPORT OF Two CASES 


Witrrip J. Comeau, M.D.f 
(From the Pathological Institute of the University of Freiburg, Freiburg, Germany) 


Acute and chronic valvular endocarditis have received consider- 
able attention in the literature, but there are only a few reports of 
diffuse parietal endocardial sclerosis to be found. Moreover, most 
of the reports are somewhat confusing since there are included dis- 
cussions of endocardial pockets (Zahn), which as isolated findings 
are to be differentiated, at least macroscopically, from the striking 
picture of the diffuse mural endocarditis under discussion. It is the 
purpose of this report to review the literature and to present 2 cases 
in which unusual pathological changes were found in the myocar- 
dium. 


REVIEW OF LITERATURE 


To clarify the ensuing discussion it seems wise to describe first 
the architecture of the normal parietal endocardium. Nagayo,' 
after a thorough histological study, concluded that it consisted of 
five layers. These are, from the surface toward the myocardium, in 
the following order: (1) endothelial and subendothelial layer; 
(2) inner connective tissue layer; (3) elastic lamina; (4) smooth 
muscle layer; and (5) outer vascular connective tissue layer with 
the fibers of the Purkinje system. 

It is evident from the variety of opinions expressed in the litera- 
ture that there is no established etiological basis for this type of 
endocarditis. There is, however, a certain amount of agreement 
that the endocardial fibrosis in a group of these cases is functional 
in nature and is characterized histologically by the laying down of 
elastic fibers in a more or less orderly fashion, parallel to the surface, 
in the inner connective tissue layer of the endocardium. 

Boger believes that this group is characterized macroscopically, 
with only rare exceptions, by a diffuse, uniform grayish white 
thickening of the parietal endocardium, particularly in the left 

* Received for publication July 17, 1936. 

t Cardiac Research Fellow, Massachusetts General Hospital, Boston, Mass. 
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ventricle. Using a teleological argument, he concluded that a com- 
pensatory response of the parietal endocardium to prolonged dila- 
tation is the cause of the sclerosis in this group. Hertel * makes 
no gross differentiation and from her material decided that the 
functional type was a result of prolonged hypertension or chronic 
myocardial disease. Karsner,* writing on sclerosis of the mural en- 
docardium, particularly near the aortic orifice, believes that the 
fibrosis is essentially the same as intimal sclerosis with a possible 
inflammatory component. Nagayo! and Herxheimer® regard the 
parietal fibrosis seen in aged individuals, and particularly those with 
aortic valvular incompetence, to be the result of a chronic mechani- 
cal irritation by friction of the blood stream. 

In the non-functional group the cause of the endocardial fibrosis 
has been given as contact or direct extension of the inflammation 
from valvular disease (Béger, Hertel, Dewitzky®), thrombosis of the 
vessels in the region of the endocardium (Nagayo, Hertel), exten- 
sion from a myocarditis (Hertel, Dewitzky), and primary inflam- 
mation of the mural endocardium (Hertel, Dewitzky). Aschoff" be- 
lieves that the majority of the cases without valvular disease are the 
result either of a parietal thromboendocarditis or of an atypical 
form of endocardial inflammation. 

Mention must be made of the circumscribed elevated plaques that 
were a striking feature of the 2 cases reported here. One gathers 
from the literature that these plaques can occur with or without 
diffuse fibrosis and may or may not show pocket formation. It is 
difficult to decide from the reports and discussions whether or not 
isolated plaques are to be considered an entirely different patholog- 
ical entity from those associated with more or less diffuse mural 
fibrosis. There is one point which may be of differential importance 
and that is that some of these plaques are described as light yellow 
rather than grayish white. Béger believes that plaque formation is 
a differential feature and commonly inflammatory, but rarely 
functional in origin. Herxheimer, on the other hand, concludes 
these plaques are of a functional nature. Dewitzky, histologically, 
differentiates two general groups, functional and inflammatory; 
the latter either primary on the endocardium or secondary by 
extension from valvular or myocardial disease. 

The impression obtained from the literature is that two general 
groups of parietal endocardial fibrosis exist; one functional, the 
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other inflammatory. There is, however, little agreement as to the 
group in which many of the reported cases belong. This is due 
partly to the variety of histological and gross findings observed in 
this condition and partly to the different standards that are taken 
for classification. 

MATERIAL 


In Case 1 it was possible to examine only the heart. Other in- 
formation was obtained from the routine protocol. Blocks of tissue 
including endocardium and myocardium were taken from the larger 
fibrous plaques and other portions of both ventricles. Sections were 
also made from both auricles and the aorta. In Case 2 the heart 
was desired as a museum specimen and material was taken from the 
cut surfaces of both ventricles. The larger plaques were not in- 
vestigated but smaller plaques were included in the material studied. 
The auricles and aorta, as well as the nodules on the mitral valve, 
were investigated. A large number of sections were made from each 
block. Hematoxylin and eosin, hematoxylin and Sudan IIT, and a 
combination of Weigert’s elastic and Van Gieson’s connective tissue 
stains were used. 


CASE REPORTS 


CasE 1. Clinical Summary: The patient was a 41 year old male who had 
always been in good health and active athletically. His illness began a year 
before death and was characterized by a gradually increasing number of faint- 
ing spells which developed into epileptiform attacks, and the progressive de- 
velopment of non-valvular cardiac failure with periods of bradycardia. There 
was no past history or clinical evidence of infection. The Wassermann reaction 
was negative. Repeated electrocardiogram tracings showed either a right or 
left bundle-branch block or complete heart block. The type of heart disease 
could not be determined after thorough clinical investigation. 

Clinical Diagnosis: Myocarditis with Adams-Stokes’ syndrome. 


Autopsy 


A complete postmortem examination was performed. Patholog- 
ical changes, other than in the heart, consisted of congestive changes 
in the lungs, liver, spleen and kidneys. There was a considerable 
degree of edema of the brain. 


Macroscopic Findings in the Heart 


The heart weighed 385 gm. ‘There was a high degree of dilata- 
tion of the right and left ventricles. The ventricular muscle meas- 
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ured 1.5 cm. on the left and 0.8 cm. on the right. There was a strik- 
ing, irregularly diffuse, grayish white discoloration of the parietal 
endocardium of both ventricles, which was much more extensive 
on the left. 

Scattered throughout the mural endocardium were elevated and 
more or less circumscribed plaques which in a number of places were 
confluent. There was one large confluent plaque on the septum be- 
low the right coronary aortic valve and a smaller plaque just below 
the septum fibrosum. There was a large plaque situated on the 
right septal endocardium just below the pulmonary orifice. The 
surface of the papillary muscles was peppered with smaller plaques 
and areas of diffuse endocardial thickening. The aorta showed no 
evidence of arteriosclerosis or syphilis and both coronaries were 
patent and smooth along their entire visible course. 


Histological Examination 


The striking change in the endocardium was found in the inner 
connective tissue layer. This was widened, particularly in the region 
of the plaques, and the elastic element played the dominant rdle in 
this change. In the areas of more or less diffuse endocardial thick- 
ening these elastic fibers were long and laid down in an orderly 
fashion parallel to the surface. As the plaques were formed they 
became shorter and thicker and, although intermeshing with each 
other to form a dense mass, maintained a general orderly arrange- 
ment. A thin outer zone of this layer did not seem to take part in 
this process and a narrow red band of connective tissue could be 
seen clearly just above the elastic lamina in the Weigert-Van Gieson 
preparations. Blood channels were scattered throughout this ab- 
normal inner connective tissue layer. The elastic lamina was wid- 
ened and from the outer border there was an outgrowth of elastic 
fibers. The architecture of the outer two layers was completely 
lost so that below the elastic lamina there was an irregular outgrowth 
of connective tissue which enmeshed degenerated muscle fibers, and 
in many places the conduction system was involved in this process 
and was badly damaged. Lymphocytes, scattered or in groups, 
were found in this outer layer and infiltrated the Purkinje system 
in many sections. 

These lymphocytes, scattered, but mainly in miliary to submiliary 
sized foci, were found throughout the myocardium. Some of these 
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foci were enmeshed in a network of young fibroblasts. In addition 
there were foci similar to the latter which contained two or three 
giant cells. These giant cells were not of the Langhans type but 
resembled the foreign body form. They were elliptical in shape with 
an eosinophilic cytoplasm and many basophilic nuclei scattered 
around the periphery. These giant cell foci were for the most part 
perivascular, particularly around the medium sized venules. In 
some sections strands of connective tissue from the perivascular 
area were seen infiltrating into these foci. 

In addition to a fatty degeneration of muscle fibers directly be- 
neath the endocardium, degenerated fibers were occasionally found 
within the myocardium in nests of connective tissue and occasionally 
there were definite old myocardial scars. All of these scars were 
small. There was a general increase of the myocardial connective 
tissue, especially noticeable in the perivascular region. Only minimal 
arteriosclerotic changes were revealed by the fat stain. 

Scattered foci of lymphocytes were present in the auricular myo- 
cardium but no giant cells or abnormal fibrosis were noted. The 
auricular endocardium was thickened, particularly on the left, with 
a definite increase in the elastic element. The aorta was normal in 
all of its layers. 


Comment 


The damage found in the conduction system seems sufficient to 
explain the clinical evidence of heart block. The findings do not, 
however, explain the changing nature of the block. The factors 
responsible for such fluctuations are discussed in a forthcoming 
publication.® 

It is such cases of endocardial sclerosis as this, occurring in rela- 
tively young individuals without evidence: of arteriosclerosis or 
valvular disease, that have been infrequently described and studied. 
In this case the myocardium was the site of pronounced changes. 
These changes were characterized by an infiltration of lymphocytes 
which in foci, particularly perivenous, contained giant cells and 
young fibroblasts. There were no Aschoff bodies or other evidence 
of a rheumatic infection. In view of the giant cell foci tuberculosis 
or syphilis appears to be the outstanding possibility. The lack of the 
epithelioid element, the type of giant cell, the absence of tuberculo- 
sis elsewhere in the body, in addition to the fact that these foci in no 
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way resembled the architecture of the tubercle with its caseous 
center, definitely eliminate tuberculosis in its classical form. Against 
syphilis is the absence of a syphilitic mesaortitis, the non-gummatous 
character of the foci, and the negative Wassermann reaction. Con- 
sequently an isolated syphilitic myocarditis seems very unlikely. 

Certainly it is reasonable to consider the various histopathological 
findings as different stages of the same process with fibrosis, particu- 
larly perivascular, as the end result. The picture as a whole defi- 
nitely suggests a chronic infectious process, the nature of which can- 
not be determined from either the clinical or the pathological data. 

In view of the findings the endocardial fibrosis must be consid- 
ered secondary to the myocardial process. The fact that the endo- 
cardial change is mainly in the inner connective tissue layer, that 
the elastic fibers are more or less laid down orderly and, apparently, 
over a normal band of connective tissue, and also that the elastic 
lamina is unbroken, favor the conclusion that the fibrosis is a change 
compensatory for a subendocardial weakness. The changes in the 
lower layers are considered for the most part to be due to the myo- 
cardial process with pressure from the overlying fibrosis playing a 
possible rdle. 


CASE 2. Clinical Summary: The patient was a 47 year old female who had 
always been well except for ‘‘double pneumonia” following a middle ear infec- 
tion in 1926. Her final illness dated from 1933 and covered a period of 3 years, 
during which time she was more or less under continual hospital observation. 
The patient’s original complaints were chronic fatigue, nervousness, diarrhea 
and loss of 20 pounds in weight. 

Her illness was characterized by a continual elevation of the basal metabolic 
rate which resisted all medical treatment and which usually ranged between 
+40 and +50, although records as high as +80 and +100 were obtained on 
several occasions. In addition there were a hypotension averaging 90/50 mm. 
Hg., a fading brownish pigmentation of the skin, an inconstant prominence of 
the eyeballs, persistent diarrhea (3 to 5 movements daily), no gain in weight, 
non-valvular cardiac enlargement, and slowly progressive cardiac failure with 
attacks of pulmonary edema. There were no signs of infection. The urinary 
and blood findings, including the Wassermann reaction, showed no abnormality, 
excepting a moderate hypochromic anemia. The electrocardiogram tracings 
showed evidence of myocarditis and were suggestive of coronary infarction. 

Clinical Diagnoses: Hyperthyroidism, myocardial failure and adrenal in- 
sufficiency. 


Autopsy 
A complete postmortem examination was performed. The find- 
ings, exclusive of the heart, were colloid goiter without enlargement 
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or toxic changes, and congestion of the lungs, liver, spleen and kid- 
neys. The adrenals and hypophysis showed no unusual histological 
changes. Foci of lymphocytes with foreign body giant cells were 
found in the lung alveoli and in the periportal connective tissue of 
the liver. 


Macroscopic Findings in the Heart 


The heart weighed 420 gm. There was a high grade chronic dila- 
tation of the left ventricle which was aneurysmal at the apex. There 
was an additional dilatation of the left auricle and a dilatation and 
hypertrophy of the right ventricle. The ventricular muscle meas- 
ured 1.6 cm. on the left, and 0.9 cm. on the right. The valves were 
normal with the exception of the mitral. Along the free border of 
both leaflets of this valve pin-head sized fibrous nodules were found 
and the border of the valve was slightly thickened generally. The 
mitral orifice measured 10 cm. 

The left parietal ventricular endocardium showed a striking, dif- 
fuse grayish white discoloration with plaque formation. The larger 
plaques were situated mainly in the posterior portion of the septum 
beneath the anterior leaflet of the mitral valve. There was a small 
plaque on the septum below the right coronary aortic valve and 
smaller scattered plaques were sprinkled over the papillary muscles. 
The right ventricular endocardium was minimally affected. There 
were a few small areas of grayish white thickening on the mural 
endocardium just below the attachment of the auricular leaflet of 
the tricuspid valve and on the papillary muscles below the pulmonic 
orifice. The Jeft auricular endocardium seemed somewhat thickened. 
The aorta and coronary vessels showed no gross evidence of arterio- 
sclerosis. 


Histological Examination 


The myocardium of the left ventricle was riddled with small 
fibrous scars, a few of which were definitely perivascular. There was 
also an infrequent scattered collection of lymphocytes. Most of the 
blood vessels were distended and filled with blood, and fresh extrava- 
sated blood was seen in the connective tissue and between the 
muscle fibers. The right ventricular myocardium showed infrequent 
groups of three or four small scars. No Aschoff bodies were noted 
nor was arteriosclerosis of the smaller vessels found. 
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As in the previous case the inner connective tissue layer of the 
endocardium showed striking changes. The histopathological find- 
ings in this layer were comparable with those found in Case 1 except 
that the outer red band of connective tissue was not seen in the 
Weigert-Van Gieson preparations. The elastic lamina was widened 
but unbroken. The smooth muscle layer was not recognized as such 
so that under the elastic lamina there existed a layer of increased 
connective tissue which fused, for the most part, with scarred areas 
under the endocardium or invaded patches of muscle fibers, some of 
which were degenerating. 

The auricular myocardium showed no abnormal changes while 
the auricular endocardium showed slight thickening. The nodules 
on the mitral valve were composed of scar tissue with a slight elastic 
element, but no Aschoff bodies were found. The aorta was normal. 


Comment 


The pathological changes in this case are sufficiently clear to ex- 
plain the cardiovascular aspects of the clinical picture. A thorough 
pathological examination failed, however, to reveal a basis for the 
metabolic features of the patient’s illness. No explanation can be 
offered for the giant cell foci found in the lungs and liver. The fact 
that the patient in the past had worked as a silk weaver might, on 
the basis of inhalation of silk particles, have some bearing on their 
formation. 

In regard to the myocardium it is unlikely that the scarring was 
due to arteriosclerosis. The small size of the scars, their dissemina- 
tion through both the left and the right ventricular myocardium, 
and the absence of arteriosclerotic changes macroscopically and 
microscopically, leave only extremely remote possibilities based on 
an arteriosclerotic genesis. No Aschoff bodies were found and, in 
view of Grant’s study,® there is little reason to assume that the 
changes in the mitral valve were rheumatic in origin. The myo- 
cardial scarring, however, could in no way be considered as a 
residuum of a rheumatic infection. The hemorrhage is regarded as 
a postmortem change. 

The scarring was definitely an old process. Its small disseminated 
character and the history of a middle ear infection complicated by 
pneumonia strongly suggest the possibility that the histological pic- 
ture is the end result of an embolic myocarditis. As for the lympho- 
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cytic infiltration, it is impossible to say whether it is a residuum of 
an infection or the result of an excessive effort of a badly damaged 
myocardium. Again, as in Case 1, no positive conclusions can be 
drawn but from the available evidence an infectious etiology for the 
myocardial lesion is regarded as the most probable. 

The endocardial changes in this case closely resembled those 
found in the previous case. The main change was in the inner con- 
nective tissue layer of the endocardium and consisted of the laying 
down of elastic fibers in a more or less orderly fashion parallel to the 
surface. The elastic lamina was intact and definitely reinforced by 
new fibers. No changes were noted beneath the elastic lamina that 
could not be attributed to the myocardial process or to pressure. 
The possibility of the diffuse endocardial fibrosis resulting in any 
way from the process on the mitral leaflets is remote. The evidence 
of prolonged severe myocardial damage and the character of the 
histological changes in the endocardium again suggest a compen- 
satory reaction on the part of the endocardium. 


DISCUSSION 


In reviewing these 2 cases it can be said from the pathological 
evidence, as interpreted above, that in a group of cases of parietal 
endocardial sclerosis the changes may be considered as compen- 
satory for a prolonged and severe subendocardial weakness. Al- 
though it so happened that in the cases reported here the myocardial 
process was most likely infectious in origin, it is felt that the same 
endocardial changes can occur from any process resulting in pro- 
longed and severe myocardial debility. In these cases the change 
may be considered functional, but functional only in the well recog- 
nized physiological sense that every damaged organ protects itself ~ 
as efficaciously as possible in order to survive. Thus, the functional 
change is not primary but secondary to an organic dysfunction of 
the myocardium, whatever its nature may be and whether it is 
histologically recognizable or not. In the present state of our knowl- 
edge it would only be purely hypothetical to discuss the possible 
factors that stimulate this protective response of the endocardium. 

The plaque formation is interesting and always a striking feature 
of the macroscopic picture when it exists. The cases reported here 
do not allow a discussion of the inflammatory etiology of these 
plaques. That such may be the case, particularly in more or less 
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isolated plaques, seems quite probable. In the 2 cases presented here 
the plaque formation must be considered part of the general process, 
developing without inflammation of the endocardium. Conse- 
sequently it is felt that the formation of fibrous plaques cannot be 
considered as a differential feature between functional and inflam- 
matory endocardial sclerosis, as Béger suggests. No clue was ob- 
tained in this study as to why this compensatory response manifests 
itself in some cases by plaque formation. It is possible that this 
occurs over a particularly severely damaged subendocardial area. 


SUMMARY 


1. Two cases of diffuse parietal endocardial sclerosis with plaque 
formation occurring in middle-aged individuals without arterio- 
sclerosis are presented. In 1 case there was no evidence of valvular 
disease; in the other there was a slight degree of old rheumatic 
endocarditis of the mitral valve. 

2. In each case evidence of prolonged and severe myocardial 
damage was present. In Case 1 the histopathological findings were 
unusual, being characterized by diffuse and focal lymphocytic in- 
filtrations a few of which, particularly the perivenous, contained 
giant cells of the foreign body type. Fibrosis, especially the peri- 
vascular type, appeared to be the end stage of the process. In 
Case 2 diffusely disseminated small scars were found in the myo- 
cardium of both ventricles, particularly extensive in the left. Both 
cases are regarded as infectious in origin; the former, a chronic in- 
fection of unknown nature; the latter, the end stage of a previous 
metastatic myocarditis. 

3. From the pathological findings it is concluded that in a group 
of cases of diffuse parietal endocardial sclerosis with plaque forma- 
tion there is a compensatory protective change in the endocardium 
secondary to an organic subendocardial weakness. The organic 
nature of this weakness is not considered specific but may result 
from any process directly or indirectly affecting the myocardium 
which causes prolonged and severe weakness of the ventricular 
musculature. 

4. It is concluded that parietal fibrous plaques may develop on 
such a basis and consequently cannot be used to differentiate be- 
tween infectious and functional endocardial sclerosis. 
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DESCRIPTION OF PLATES 


PLATE 49 
Fic. 1. Case 1. Left ventricle. 


Fic. 2. Case 1. Right ventricle. 
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PLATE 50 
Fic. 3. Case 2. Left ventricle. 


Fic. 4. Case 1. Focus of lymphocytes, giant cells and fibroblasts adjacent to 
a venule. Hematoxylin-eosin stain. 
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PLATE 51 


Fic. 5. Case 1. Showing a portion of the left branch of the conduction system 


invaded by fibroblasts and lymphocytes. Hematoxylin-eosin stain. 


Fic. 6. Case 1. Endocardium. The base of connective tissue above the elas- 
tic lamina can be plainly seen. Degenerated muscle fibers enmeshed in con- 
nective tissue are seen below the elastic lamina. Weigert’s elastic tissue and 
Van Gieson’s connective tissue stain. 

Fic. 7. Case 2. Endocardium. The parallel arrangement of the elastic fibers 

can be seen on the right. On the left they form a denser meshwork. Weig- 

ert’s elastic tissue and Van Gieson’s connective tissue stain. 
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COMBINED INFANTILE AND ADULT COARCTATION OF AORTA 
WITH COINCIDENT OCCLUSION OF VENA CAVA SUPERIOR * 


REPORT OF A CASE 


Kart B. Benxwitz, M.D., AND WARREN C. HunTER, M.D. 


(From the Department of Pathology, University of Oregon Medical School, 
Portland, Oregon) 


Coarctation of the aorta is not altogether a rare lesion. Dr. 
Maude Abbott! reported and reviewed 200 collected cases with 
autopsy in 1928. Mention was made in this article of 5 additional 
unpublished cases with autopsy. The relative infrequency of the 
condition may in part be accounted for by the failure of observers 
to record their cases. We have seen several prior to the case re- 
ported here and have reported none of them. 

Two types of coarctation of the aorta are recognized: (1) the 
adult form in which the stenosis occurs at the level of the insertion 
of the ductus arteriosus or slightly proximal to this point; and (2) 
the infantile variety consisting merely of a narrowing of the descend- 
ing portion of the aortic arch at the level of the inferior border of 
the origin of the left subclavian artery. Asa rule one or the other 
type alone is present. 

The etiological factors responsible for coarctation and the com- 
plications resulting from it have been adequately discussed by 
Abbott? and need not be mentioned here. It will be sufficient to 
mention at this time only that the most common findings associated 
with aortic coarctation are bicuspid aortic valve, with or without a 
superimposed bacterial endocarditis, subaortic stenosis, dilatation 
and hypertrophy of the heart, dilatation of the ascending aorta, 
arterial collateral circulation, anomalous origin of the arteries of 
the arch, hypoplasia of the aorta, persistent left superior vena cava, 
defects of the aortic septum, obliterative pericarditis and pleuritis, 
dissecting aneurysm of the aorta and aneurysmal dilatation of the 
cerebral vessels. 

The above group of complications is usually associated with the 
adult form. Accompanying the infantile variety may be found more 
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complex anomalies such as a biloculate or triloculate heart, patent 
foramen ovale, patent interventricular septum, transposition of the 
arterial trunks, pulmonary atresia and so on. 

The case of coarctation we are reporting is unique, not only be- 
cause of the presence of a double stricture of the aorta, one at the 
site for infantile coarctation and the second at the location for the 
adult form, but also on account of coexistent chronic occlusion of the 
superior vena cava, which necessitated as extensive a collateral 
venous circulation as was demanded of the arterial tree by the high 
grade aortic stenosis. 

Of all the cases in the available literature since Abbott’s summary! 
only 3 in addition to ours exhibit a double stricture at and proximal 
to the aortic termination of the obliterated ductus. In these cases 
the descending aorta first narrowed abruptly a slight distance be- 
yond the origin of the left subclavian artery, only to become con- 
stricted again at the level of the closed ligamentum arteriosum by a 
thickened, smooth, internal stenotic ring or complete atresia.!° °° * 

In Table I we have attempted to tabulate all cases of coarctation 
of the aorta appearing since Abbott’s last summary in 1928. 


REPORT OF CASE 


Clinical History: R.C., a 67 year old painter, entered the Multnomah 
County Hospital in November, 1935, complaining of dysuria, nocturia, fre- 
quency, incontinence and constant hematuria. At the age of 22 years he had 
had gonorrheal urethritis, and a year later a chancre treated by antiluetic ther- 
apy which was continued for 4 years. The patient had had lobar pneumonia 
twice and pleurisy once. When admitted there was no chest pain, palpitation 
or tachycardia, although he had noted dyspnea on moderate exertion and swel- 
ling of the feet and ankles. 

Physical Examination: The blood pressure was 180/80 left arm, 180/85 
right arm; the pulse 98, temperature 98.6° F., and the respirations 20. The 
patient was of the hyperesthenic type, and lay quietly in bed, although grimac- 
ing and grunting every few minutes. The arms, chest and abdomen were cov- 
ered with varicose veins. The right pupil measured 1.5 mm. in diameter, the 
left 3.0 mm.; both were round, regular, and did not react to light but showed a 
fair reaction to accommodation. The neck showed a bilateral, symmetrical, 
slight lymphadenopathy. The trachea was in the midline. The chest cage was 
symmetrical with flaring at the costal margins. The expansion was poor but 
equal. The breath tones were sharp and vesicular. No rales could be heard on 
ordinary breathing or expiratory cough. The heart presented an aortic configu- 
ration. The apex beat was in the sixth interspace 14 cm. from the midline and 
was localized by a slight thrust. There was slight impairment of resonance to 
percussion at the upper and lower sternal areas. A blowing systolic murmur was 
heard over all valve areas. The M, was weak, while A, had a loud, ringing metal- 
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lic sound. The rhythm was regular with an occasional extrasystole. The vari- 
cose veins of the arms, chest and abdomen all converged toward the midchest 
area. The abdomen was rotund, not rigid, and was free from masses or areas of 
tenderness. The liver was 3 cm. below the costal margin and its edges were 
smooth. The kidneys and spleen were not palpable. There was tenderness and 
pain, which radiated down the penis when pressure was made over the bladder 
area. The prostate was enlarged, irregular, soft and not tender. A firm, non- 
painful nodule o.5 cm. in diameter was palpated posteriorly in the left lobe of 
the prostate. The reflexes were all very weak except for the biceps, triceps, 
periosteal and radial, which showed increased reactivity. 

Laboratory Examinations: Urine: red, alkaline, slightly cloudy with a specific 
gravity of 1.017, albumin 3 plus, reduction negative, acetone negative, triple 
phosphates 1 plus, occasional pus cells, red blood cells 1 plus, bacterial 1 plus, 
and mucus 4 plus. 

Blood: hemoglobin 81.8 per cent (Sahli), red blood corpuscles 3,910,000, white 
blood corpuscles 8500, polymorphonuclears 77 per cent, basophiles 1 per cent, 
small lymphocytes 5 per cent, mononuclears 4 per cent, staff 12 per cent, 
degenerated forms 1 per cent, sedimentation rate 45/118. Urea nitrogen 22.5 
mg., and alkali reserve 71.8. Kolmer and Kahn tests negative. 

X-Ray: The first roentgenogram of the chest, made with a portable machine, 
disclosed nothing beyond slight infiltration apparently along the interlobar 
fissure on the right side, suggesting the possibility of an interlobar effusion or 
pneumonic consolidation in the middle or posterior portion of the lower lobe, 
and definite notching of the inferior margins of the ribs posteriorly. Later chest 
films showed definite consolidation in the upper lobe of the right lung in addition 
to notching of the ribs. 

Course of Illness: A retention catheter was installed and fluids were being 
forced orally in preparation for cystoscopy when the patient suddenly developed 
cyanosis of the nose, lips and ears, and a mild edema of the feet. The temper- 
ature was 102° F.; respirations 36; pulse 116, full and regular. There was no 
complaint of pain in the chest. Examination revealed a few, moist, basal rales 
posteriorly. Under rigorous antipneumonic therapy the temperature slowly fell 
to 99° F. During the next 3 days the cyanosis disappeared, the respirations 
decreased to between 12 and 18, and the blood urea nitrogen from 45 to 32 mg. 
Nevertheless, the patient seemed to be failing and on the 4th day the tempera- 
ture began to rise, reaching 106° F. on the 6th day of hospitalization. Moist 
rales were heard all over the chest. Death occurred suddenly on this day. 

The clinical diagnoses were: carcinoma of the urinary bladder with reten- 
tion, cystitis and ascending pyelitis; arteriosclerotic heart disease with hyper- 
trophy and dilatation of all the chambers, regular rhythm with extrasystoles 
Grade 2-A; neurosyphilis (tabetic type); and bronchopneumonia. 


POSTMORTEM EXAMINATION 


The body is well nourished and of the muscular type. The neck 
appears edematous but otherwise is unchanged. The thorax is 
symmetrical and well developed. Over the chest and abdomen are 
numerous interlacing, distended superficial veins. The extremities 
are symmetrical, muscular and well developed. 
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There is no free fluid in the peritoneal cavity. The urinary blad- 
der is distended with turbid urine. The mucosa is everywhere coy- 
ered with a dull, gray-green shaggy pseudomembrane. On the pos- 
terior wall of the fundus is a papilloma measuring about 2.3 cm. 
in diameter and capped by a false membrane. The prostate is small 
and not obstructive. The internal hemorrhoidal plexus of veins 
shows slight dilatation. The abdominal aorta and the iliac arteries 
have a smaller than normal caliber. 

The lungs are bound down everywhere by fibrous connective tis- 
sue adhesions and are freed with difficulty. In the dissection the 
internal mammary arteries are severed and are found to be abnor- 
mally prominent. Theirlumens at the point of exit from the mediasti- 
num measure approximately 0.75 cm. in diameter. The intima of 
both vessels displays considerable arteriosclerosis. The intercostal 
arteries lie in deep grooves along the inferior borders of the ribs. 
The grooving is most prominent posteriorly. Over the diaphragm 
and the base of the pericardium the fibrous adhesions are consider- 
ably thickened and contain areas of calcification. The pericardial 
sac is obliterated by fibrous adhesions and the pericardium is bound 
externally to all the surrounding structures. The entire lower lobe 
of the left lung is consolidated. The upper lobe is, for the most part, 
air-containing; inferiorly it shows focal areas of firmness. The right 
lung is air-containing, except at the base where a consolidation is 
noted. At the level of the tracheal bifurcation are three small trac- 
tion diverticulums, and 5cm.superiorly are twomore. The lower ones 
are attached to anthracotic and calcified nodes. About the posterior 
reflections of the diaphragm are seen areas of extreme fibrosis and 
some calcification. The right adrenal shows at the lateral boundary 
within the cortex a firm white to yellow area with a few small, white, 
chalk-like dots in its substance. The right kidney is considerably 
atrophied, cuts with increased resistance and presents a pitted 
granular and cystic cortical surface; aberrant arteries go to the 
lower pole. The left kidney is of moderate size. The cortical surface 
is smooth. The cut surface shows no distortion of cortical markings. 
The renal arteries show considerable arteriosclerosis. 

The heart is enlarged on both the right and left sides and has a 
prominent pulmonary conus. It is everywhere of uniform firmness. 
The maximum transverse diameter is 17 cm. The thickness of the 
right ventricle at the apex is 0.5 cm., at the base 1.5 cm., and anteri- 


be 
2 
Bi. 
|. 


INFANTILE AND ADULT COARCTATION OF AORTA 303 


orly 1.5 cm. The circumference of the pulmonary ring is 8 cm. The 
trabeculae carneae of the right ventricle are enlarged and flattened. 
The anterior papillary muscle is hypertrophied. The right ventricle 
is considerably dilated. The left ventricle shows pronounced hyper- 
trophy and dilatation. At the apex it measures 1.5 cm. in thickness 
and at the base 3 cm. The auricular appendages are of normal size 
and show no gross changes. The pulmonary arteries display well 
defined arteriosclerosis. The coronary arteries show considerable 
arteriosclerosis with lumens that are often slit-like but patent. The 
myocardium of the left ventricle on tangential section exhibits a 
diffuse patchy replacement fibrosis of the musculature. The endo- 
cardium of the left ventricle is slightly thickened and moderately 
opaque. There is seen a subaortic area of calcification with the 
formation of an annular concrescence of calcium deposits covered 
by endothelium. This is found at a distance of 0.5 cm. inferior to 
the right posterior cusp. Anteriorly it projects upward to involve 
the anterior cusp and extends into its sinus of Valsalva. The aortic 
valve is bicuspid. The coronary cusps are congenitally fused, for no 
nodule of Arantius, raphe or other septum-like structure divides the 
cusp into two portions. The anterior cusp measures 5 cm. along its 
free margin. The right posterior cusp measures 4 cm. along the free 
border. The coronary ostia are of moderate size and lie behind the 
larger and anteriorly situated cusp. The right coronary orifice lies 
to the extreme right and anterior half of the larger sinus of Valsalva, 
while the left is in the extreme posterior angle. The foramen ovale 
and ductus arteriosus are closed. The aorta is normally situated, 
bulges slightly to the right and forms a slight aneurysmal dilatation 
4.5 cm. in diameter. At the beginning of the transverse arch the 
aorta becomes constricted and reduced to a diameter of 1 cm. at the 
site of the infantile isthmus, as compared to 1.8 cm. proximal to the 
ostium of the subclavian artery. Here the lumen is concentrically 
constricted by a symmetrical, smooth surfaced ridge or shelf (Figs. 
rand 2). The great size of the left subclavian artery makes it appear 
to be almost a continuation of the aorta for it too has a diameter of 
1.8cm. Beyond the first coarctation is a slight, but distinct bulbous 
sacculation of the aorta 2 cm. in diameter. At a point 2 cm. distal 
to the first coarctation and to the saccule referred to, the descending 
aortic arch presents externally a shallow annular constriction which 
coincides internally with an almost complete occlusion of the lumen 
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by an endothelial covered diaphragm, at the center of which is a 
minute slit o.15 cm. in length and barely wide enough to transmit 
light and water with difficulty. On the medial aspect at the level 
of the second coarctation the aorta is joined by the ligamentum 
arteriosum. The descending thoracic aorta just caudal to the sec- 
ond point of stenosis shows a slight diffuse saccular dilatation, the 
lumen measuring 3.5 cm. in diameter. At the level of the celiac 
artery the aortic lumen measures 1.8 cm. and at the bifurcation de- 
creases to 1.5 cm. Within an area of 3 square cm., immediately 
caudal to the lower coarctation, the ostia of ten vessels are seen. 
These vessels are paired, located symmetrically on the posterior 
wall and apparently are intercostal arteries. The upper four pair are 
hypertrophied and dilated, having lumens ranging from o.3 to 0.7 
cm. in diameter. The internal mammary arteries are greatly en- 
larged and at a point where they leave the mediastinum and course 
along the chest plate the lumen is found to measure on the right 
0.5 cm. and on the left o.8 cm. The lumen of the left subclavian 
artery at a distance of 3 cm. from its origin has a diameter of 2 cm. 
The left common carotid at a similar distance measures 0.8 cm. in 
diameter. The lumen of the innominate artery is 2.2 cm. in diame- 
ter. All arteries leaving the heart and the aortic arch show an ad- 
vanced degree of arteriosclerosis. No atheromatous degeneration 
or ulceration is noted. The internal mammary arteries send off 
branches to the anterior aortic intercostals and communicate freely 
with the inferior epigastric arteries. The major part of the collateral 
circulation appears to be between the superior intercostal, arising 
from the left subclavian artery and the first aortic intercostal (which 
springs from the aorta just below the second level of the coarcta- 
tion), the posterior scapularis, the interscapularis, and the sub- 
scapularis which, piercing the intercostal spaces from behind, 
anastomose with the second, third and fourth aortic intercostals. 
The superior vena cava is completely occluded from its origin in 
the right ventricle to its termination in the right jugular and the 
right subclavian veins (Fig. 3). This obliterative process includes 
the right innominate vein and one-half of the left innominate vein. 
The azygos vein is of moderate size and is not dilated. It terminates 
in the superior vena cava within the area of occlusion. The hemi- 
azygos shows no dilatation. The azygos vein anastomoses freely 
at its caudal end with the inferior vena cava by way of branches 
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from the right renal vein and the inferior vena cava. The super- 
ficial veins of the thorax and abdomen are considerably dilated and 
display extensive anastomoses. There is noted a dilatation of the 
superficial circumflex iliacs, superficial epigastrics, axillary and costo- 
axillary, mammary venous plexus and thoraco-epigastric veins. 
There is also considerable dilatation of the deep epigastric, internal 
mammary, subclavian, intercostal and lateral thoracic veins. 


Microscopic EXAMINATION 


Microscopic examination of various organs reveals a fibrocaseous 
tuberculosis of the right suprarenal gland; advanced arteriosclerotic 
nephropathy; lobar pneumonia in the stage of gray hepatization 
affecting the lower lobe of the left lung, with bronchopneumonia of 
the upper lobe; papilloma of the urinary bladder with early carcino- 
matous changes; diffuse pseudomembranous cystitis; focal purulent 
prostatitis; patchy myofibrosis of the heart; arteriosclerosis of the 
aorta; and chronic passive hyperemia of the liver and spleen. Sec- 
tions of the cord-like superior vena cava show a large amount of 
hyalinized fibrous tissue containing small vascular channels, some of 
which are blocked by freshly formed thrombi. 

Anatomical Pathological Diagnoses: Double coarctation of the 
aorta, infantile and adult types, the latter producing pronounced 
stenosis; moderate dilatation of the ascending aorta with beginning 
saccular aneurysm; extreme dilatation and tortuosity of both sub- 
clavian, internal mammary, first aortic intercostal, posterior scapu- 
laris, interscapularis, and subscapularis arteries proximal to coarcta- 
tion, and of the first four pairs of intercostals, deep epigastrics and 
circumflex iliac arteries distal to coarctation; fusiform aneurysmal 
dilatation of thoracic aorta immediately caudal to second coarcta- 
tion; erosion of intercostal grooves of the upper ribs; probable con- 
genital bicuspid aortic valve with partial calcification and stenosis; 
subaortic annular calcification ring extending into bicuspid aortic 
valve; healed obliterative pericarditis; hypertrophy and dilatation 
of the heart; cor pulmonale; pronounced coronary arteriosclerosis; 
diffuse patchy myofibrosis of the heart; moderate generalized ath- 
erosclerosis; pronounced pulmonary arteriosclerosis; old thrombotic 
occlusion of the superior vena cava and innominate veins; pro- 
nounced dilatation of the superficial and deep veins of the ab- 
domen and thorax, lateral thoracic, intercostal, internal mam- 
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mary, subclavian, and the epigastric veins; slight dilatation of the 
internal hemorrhoidal venous plexus; lobar pneumonia, left lower 
lobe; bronchopneumonia, lower right and upper left lobes; acute 
bronchitis, left; healed obliterative pleuritis, bilateral; calcified 
empyema pocket at the posterior bases of the pleural cavities; high 
grade arteriosclerotic nephropathy, especially of the right kidney; 
calcified tuberculous tracheobronchial lymph nodes; multiple (five) 
traction diverticulums of the esophagus; old fibrocaseous tuberculo- 
sis of the right adrenal; focal purulent prostatitis; papilloma of 
urinary bladder with early carcinomatous changes; diffuse pseudo- 
membranous cystitis; chronic passive congestion of the viscera; 
and beginning postsacral decubitus ulcer. 


DISCUSSION AND CONCLUSIONS 


While conforming to the usual picture of aortic coarctation in re- 
spect to age, sex, bicuspid aortic valve, development of collateral 
circulation and notching of the ribs, the case herein reported differs 
sharply from nearly all others heretofore studied in that there oc- 
curs both an infantile and an adult type of coarctation. In one of 
Abbott’s °° papers is an illustration bearing the title “Double 
Coarctation of the Aorta,” but neither in this paper nor in her re- 
view | of 200 cases is there any mention of concurrent infantile and 
adult coarctation. From this it may be inferred that Abbott failed 
to find any such cases in addition to the one observed by herself. 
Among the cases of coarctation reported since Abbott’s! review 
in 1928 we have encountered only 3 }* *° * that may be classed as 
double coarctation. The coexistence of infantile and adult coarcta- 
tion lends support to the hypothesis of Craigie ** that the basis of 
the anomaly lies in an embryological disturbance of formation and 
involution of the primitive aortic arch. 

Another remarkable finding that makes the case reported here 
unique in the group of aortic coarctation is the concomitant occlu- 
sion of the superior vena cava and its innominate tributaries, neces- 
sitating the development of a venous collateral return for the head, 
neck, upper extremities and thorax fully as extensive and intricate 
as the aortic coarctation demanded of the arterial circulation in 
order that the abdomen, lower extremities and most of the thorax 
might receive arterial blood. Thus, of necessity, over the torso both 
the arterial and the venous blood flowed caudally and in parallel 
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vessels. There is nothing in the clinical history to indicate when the 
vena cava became occluded and the only possible clue as to the 
cause of the fully organized and canalized thrombosis of this vessel 
is that in conjunction with the pericarditis or pleuritis there may 
have been a thrombophlebitis of the vena cava superior and its 
tributaries. 

Contributing to the final cardiac decompensation was not only 
the coarctation of the aorta but the healed pericarditis and pleuritis 
binding the contents of the thorax to the chest wall and the dia- 
phragm, thus throwing an additional load on the already burdened 
heart. 

Still another cardiac complication deserves mention. In conjunc- 
tion with the bicuspid aortic valve was a calcified ring which may 
be classed as a subaortic stenosis, an uncommon yet clinically im- 
portant cardiac lesion. We are unable to say whether the calcifica- 
tion is part of a degenerative process or the end result of a healed 
valvulitis, but are inclined to favor the first possibility. 

The case reported here illustrates in a remarkable manner the 
ability of the circulatory system to compensate for obstructions of 
even major vessels, and further, the reserve strength of the heart 
which withstood not only the coarctation but also, prior to the last 
attack, the toxic effects of infection (pneumonia and empyema) 
and carried well the increased load occasioned by the adhesive peri- 
carditis and pleuritis for an indefinite period of time. 


REFERENCES 


1. Abbott, Maude E. Coarctation of the aorta of the adult type. II. Astatis- 
tical study and historical retrospect of 200 recorded cases with autopsy, 
of stenosis or obliteration of the descending arch in subjects above the 
age of two years. Am. Heart J., 1928, 3, 574-618. 

2. Green, F. H. K. ‘Congenital’ aneurysm of the cerebral arteries. Quart. J. 

Med., 1927-28, 21, 419-432. 
. Jordan, F.L. J.,and ter Haar, F.T. Ein Fall von vollkommenem Verschluss 
der Aorta thoracica. Anat. Anz., 1928, 66, 24-30. 

4. Anderson, R. G. Aortic stenosis of the isthmus. St. Barth. Hosp. J., 1928, 
36, 18-10. 

5. Rosler, H. Beitrige zur Lehre von den angeborenen Herzfehlern. IV. 
Untersuchungen an zwei Fillen von Isthmusstenose der Aorta. Wien. 
Arch. f. inn. Med., 1928, 15, 521-538. 

6. Poynton, F. J., and Sheldon, W. P. H. Coarctation of the aorta with 
ulcerative aortitis. Arch. Dis. Child., 1928, 3, 191-103. 


w 


7 


308 


Io. 


Il. 


12. 


14. 


16. 


17. 


18. 


19. 


22. 


23. 


x 


BENKWITZ AND HUNTER 


. Houck, G. H. Coarctation of the aorta. J. Tech. Methods, 1929, 12, 168- 


170. 


. Weber, F. Parkes, and Knop, F. Stenosis (co-arctation) of the aortic isth- 


mus with subcutaneous pulsating arteries on the back. M. Press. & 
Circ., 1929, 127, 195-108. 


. Bode, O. B., and Knop, F. Uber Aorten-Isthmus-Stenose mit Beitrag 


zweier weiterer Fille. Deutsches Arch. f. klin. Med., 1929, 163, 298-308. 
(Abstr. Kongresszentralblatt f. die gesamte inn. Med., 1929, 53, 672.) 

Andreesen, Remmer. Zur Morphologie und Pathogenese der Isthmus- 
stenose der Aorta. Beitr. 2. path. Anat. u. 2. allg. Pathol., 1929, 82, 433- 
442. 

Thomson, A. P., and Lamb, F. W. M. A case of coarctation of the aorta. 
Arch. Dis. Child, 1929, 4, 377-380. 

Sala, A. M., and Nachamie, I. Coarctation of the aorta. A case of the 
adult type in a child six months of age. Arch. Int. Med., 1929, 43, 420- 
424. 

Fray, Walter W. The roentgenologic diagnosis of coarctation of the aorta 
(adult type). Am. J. Roentgenol., 1930, 24, 349-362. 


Terbriiggen, A. Beitrige zur Frage der angeborenen Isthmusatresie der 
Aorta. Ztschr. f. Kreislaufforsch., 1931, 23, 105-111. (Abstr. Kongress- 
zentralblatt f. die gesamte inn. Med., 1931, 61, 383.) 


. Ernstene, A. Carlton, and Robins, Samuel A. The roentgenologic diag- 


nosis of stenosis of the descending arch (coarctation) of the aorta. Am. 
J. Roentgenol., 1931, 25, 243-246. 

Costa, A. Ancora sulla atresie malformative dell’ aorta. Chiusura com- 
pleta dell’ aorta in corrispondenza del legamento arterioso in donna di 
54 anni; aneurismi multipli dell’ aorta e delle anonima; morte par em- 
bolic cerebrale. Cuore e circolaz., 1931, 15, 421-433. 

Ulrich, Henry L. Coarctation of the aorta (adult type). A report of three 
cases. Am. Heart J., 1931-32, 7, 641-651. 

Lemon, Willis S. A case of congenital abnormality of the heart, coarcta- 
tion of the aorta and neurofibroma of the mediastinum. Tr. A. Am. 
Physicians, 1931, 46, 340-352. 

Hein, Gordon E. Narrowing of the aorta at its isthmus. U.S. Vet. Bur. M. 
Bull., 1931, '7, 209-211. 

Abbott, Maude E. On the relative incidence and clinical significance of a 
congenitally bicuspid aortic valve. With five illustrative cases. The 
Libman Anniv. Vols., 1932, 1, 1-38. 

Laubry, Ch., Routier, Daniel, and Van Bogaert, A. Contribution a l’étude 
clinique et sémiologique de la sténose de l’isthme de l’aorte. Ann. de méd., 
1932, 32, 132-151. 

Narr, Frederick C., and Wells, Arthur H. Rupture of the aorta. Am. 
Heart J., 1932-33, 8, 834-844. 


East, Terence. Coarctation of the aorta. Proc. Roy. Soc., Med., 1931-32, 
25, Pt. 1, 796-798. 


: 
aes 
| 
x 
* 
te 2 
4 
+ 
20. 
q 


24. 


26. 


27. 


28. 


39. 


40. 


41. 


INFANTILE AND ADULT COARCTATION OF AORTA 309 


Strong, G. F. Coarctation of the aorta with report of three cases. Canad. 
M. A. J., 1932, 27, 1§—10. 

Read, William T., Jr., and Krumbhaar, E.B. Two cases of anomalous semi- 
lunar cusps (one with coarctation of the aorta). M. Clin. North America, 
1932, 16, 237-241. 

Carnett, John Berton, and Howell, John C. A case of coarctation of the 
aorta and gastric carcinoma with a discussion of the metastases. S. Clin. 
North America, 1932, 12, 1351-1362. 

Schleckat, Oswin. Angeborene ringférmige Stenose der Aorta descendens 
in Zwerchfellhéhe. Zéschr. f. Kreislaufforsch., 1933, 25, 417-419. (Abstr. 
Kongresszentralblatt f. die gesamte inn. Med., 1933-34, '72, 282.) 

Root, J. Harold. Coarctation of the aorta and congenital hypertrophy of 
the heart. Report of a case in a child thirteen days old. Arch. Pediat., 
1933, 50, 414-423. 


. Pozzan, A. Contributo allo studio anatomo-clinico della stenosi congenita 


dell’ istmo aortico negli adulti. Cuore e circolaz., 1933, 17, 93-110. 


. Lewis, Thomas. Material relating to coarctation of the aorta of the adult 


type. Heart, 1931-33, 16, 205-243. 


. Giroux, M., and Jobin, J. B. Un cas d’obliteration de l’aorte. Bull. Soc. 


méd. d. hop. Universitaires de Québec, 1933, 293-303. 


. Stewart, Harold L., and Bellet, S. Coarctation of the aorta. Report of a 


case in which sudden death was due to rupture of the aorta. Am. Heart J., 
1933-34 9, 533-538. 


. Evans, William. Congenital stenosis (coarctation), atresia, and interrup- 


tion of the aortic arch; study of 28 cases. Quart. J. Med., 1933, 2, 1-31. 


. Taylor, Elizabeth Foley. Coarctation or congenital stenosis of the aorta. 


Brit. J. Radiol., 1934, 7, 452-462. 


. Pierce, Wilmet F. Coarctation of the aorta. J. A. M. A., 1934, 103, 830- 


831. 


. Bargi, L. Contributo allo studio delle stenosi aortiche dell’ arco. Clin. med. 


ital., 1934, 65, 152-183. 


. Brown, James W. Coarctation of the aorta with infective endocarditis. 


Lancet, 1934, 2, 924-926. 


. Hardaway, Robert M., and Sawyer, Harold P. Coarctation of the aorta 


with developmental defects in the urinary tract. J. Missouri M. A., 
1934, 31, 346-352. 

Rumold, Mervin J., and Schwartz, Eugene. Coarctation and dissecting 
aneurysm of the aorta with report of a case. J. Kansas M. Soc., 1934, 
35, I-13. 

Narr, Frederick C., and Johnson, Emsley T. Coarctation of the aorta — 
ulcerative aortitis — perforation of aorta and acute pericarditis. Am. J. 
Dis. Child., 1934, 47, 91-96. 

Levine, Harold D. Cardiac hypertrophy in infancy associated with thick- 
ened endocardium and coarctation of the aorta. Am. J. Dis. Child., 1934, 
48, 1072-1079. 


25. 
= 
|_| 
= 
2 
|| 
= 
|_| 
|__| 


310 BENKWITZ AND HUNTER 


42. Kellogg, F., and Biskind, G. R. Coarctation of the aorta, anomalous coro- 
nary artery and patent ductus arteriosus; report of a case with subacute 
bacterial endocarditis, showing mycotic aneurysms of the aorta and su- 
perior mesenteric artery. California & West. Med., 1934, 40, 368-370. 


43. Beatty, John F. Coarctation of the aorta. Northwest Med., 1934, 33, 332- 
333- 


44. Ballantyne, E. N. Coarctation of the aorta. Report of three cases. Am. J. 
Dis. Child., 1935, 50, 642-648. 


45. Farris, H. A. Coarctation of the aorta. Canad. M. A. J., 1935, 32, 276-281. 


46. Jacobson, C. J. Two cases of stenosis of the aortic isthmus. Hospitalstid., 
1935, 78, 293-299. 

47. Pozzan, A. Si di un caso di atresia dell’ istmo aortico complicata a trom- 
bosi massiva dell’ aorta lombare. Gior. veneto di sc. med., 1935, 9, 795- 
812. 


48. Craigie, David. Instance of obliteration of the aorta beyond the arch, illus- 
trated by similar cases and observations. Edinburgh M. & S. J., 1841, 
56, 427-462 (cited by Abbott, Ref. 1). 


DESCRIPTION OF PLATES 


PLATE 52 


Fic. 1. Actual size drawing of aorta and certain of its branches: ‘a’ = greatly 


enlarged left subclavian artery; ‘b’ = lumen of aortic arch; ‘c’ = in- 
fantile coarctation; ‘d’ = diaphragm-like adult type coarctation (cut off- 
center) with only the tiny opening shown on the under surface. Between 
the two points of stenosis is a sacculated segment of aorta. On the right 
(pulled back) are the enlarged first four pairs of intercostal arteries. 
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PLATE 53 


Fic. 2. Diagrammatic drawing illustrating location of coarctations, direction 
of flow of part of the arterial blood, and comparative size of left common 
carotid and left subclavian arteries (opened). Compare with Fig. 1. 


Fic. 3. Shown diagrammatically are the occluded superior vena cava (v.c.) and 
its innominate tributaries, innominate (i.a.), left common carotid (l.c.a.) 
and internal mammary (m.a.) arteries, prominent conus arteriosus and 
enlarged heart. 
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CHRONIC DIFFUSE MESAORTITIS* 
REPORT OF Two CASES OF UNUSUAL TYPE 


E. E. Sprout, M.D., AnD JoHN J. HAwTHorNE, M.D. 


(From the Department of Pathology, College of Physicians and Surgeons, 
Columbia University, New York City) 


It is our purpose to describe the pathology of 2 cases of chronic 
diffuse mesaortitis in which the aorta presented microscopic changes 
unlike any hitherto observed in this department or recorded in the 
available literature. 


CASE REPORTS 


Case 1. A. L., P. H. No. 442,204, autopsy No. 11,750, a Jewish male 76 
years of age, born in Austria. The past history was incomplete regarding in- 
fections, diseases and habits. The illness for which he was admitted to the 
hospital centered about increasing difficulty in urination over a period of 3 
years because of an enlarged prostate. A bilateral, direct inguinal hernia with- 
out complications had been present for many years. No symptoms referable to 
the cardiovascular system were obtained. 

Physical Examination: The temperature, pulse rate and respirations were 
normal, The blood pressure was 168/80. There were extensive dental caries and 
pyorrhea alveolaris. The lungs were clear. The area of cardiac dullness was of 
normal outline; the sounds were regular and of good quality. Reducible direct 
inguinal herniae were present. The prostate was considerably enlarged, smooth, 
firm, mobile and non-tender. There were no other abnormal findings. No evi- 
dence of cardiac failure was noted. 

Laboratory Data: The hemoglobin was 85 per cent, the red blood count 
4,600,000. The white cell count was 13,000 with 85 per cent polymorphonuclear 
leukocytes. The blood Kahn and Wassermann reactions were negative. The 
blood urea was 20.3 mg. per 100 cc.; the blood sugar 111 gm. per liter. The urine 
showed a heavy trace of albumin with numerous red cells and an occasional 
white cell. Electrocardiogram revealed an occasional premature beat arising in 
the node but there was no indication of heart muscle damage. 

X-ray of the chest demonstrated no abnormality of lungs or heart. The aorta 
appeared tortuous. There was an irregular shadow opposite the third and fourth 
ribs on the left side, which was interpreted as a diffuse dilatation of the arch of 
the aorta. X-rays of the urinary tract disclosed no abnormality. 

After a vasectomy and a period of 2 weeks with indwelling catheter, a trans- 
urethral fulguration of the prostate and neck of the bladder was performed. 
The temperature rose steadily after this procedure and the patient died 5 days 
later with signs of consolidation of the lungs. 


* Received for publication September 19, 1936. 
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Postmortem Examination 


Autopsy was performed within 1 hour after death. An acute in- 
flammation of the bladder with numerous suppurative foci in the 
kidneys, thought to be of recent hematogenous origin, were the 
principal findings. A considerable portion of the prostate remained. 
It included many nodules of hypertrophic tissue but no evidence of a 
malignant tumor. No areas of suppuration were present. There was 
also an extensive confluent lobular pneumonia in both lungs. The 
heart weighed 310 gm. and presented no abnormalities. The aortic 
ring measured 7 cm. and the valve appeared delicate but competent. 

The aorta was somewhat tortuous as it lay in the body and had 
lost a considerable part of its elasticity. The approximate circum- 
ference after fixation was: ascending aorta 8.1 cm.,midportion of the 
arch 6.6 cm., midthoracic region 5.9 cm., and midabdominal region 
3.9 cm. The average normal measurements of the circumference of 
the aorta in these locations in males between the ages of 71 and 80 
years are recorded by Roessle and Roulet! as 8.2 cm., 6.7 cm., 5.84 
cm., and 4.7 cm. respectively. This aorta, then, could not be con- 
sidered dilated at any point. 

There was a slight diffuse intimal thickening, such as is custom- 
arily found at this age, augmented by numerous, irregular, bright 
yellow zones of poor definition, as well as the usual firm, opaque gray 
raised plaques which so frequently encircle the orifices of the inter- 
costal and lumbar arteries. Small zones of intimal calcification were 
sometimes found in the plaques but were nowhere prominent. These 
changes were more intense in the lower thoracic region than else- 
where. A fine longitudinal wrinkling of the intima was also noted 
within and bordering the plaques throughout the length of the 
vessel. No ulceration was present. All of these findings differed in no 
way from the usual lesions of arteriosclerosis and they were thus 
so interpreted. They were also found in all of the large arteries 
throughout the regions of the body examined. 

The cross-section of the aorta revealed no changes of note. The 
media was quite irregular in thickness but not more so than one 
would expect with the sclerotic lesions. It could not be split apart at 
any point and no vascular invasion was apparent. The adventitia 
was not thickened. The gross appearance of the aorta, then, was not 
unusual in an individual of this age. 
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Microscopic Examination 


After random sections showed a curious alteration of the media, 
microscopic study was made of the entire length of the aorta. This 
was done by cutting two long strips, including half the length of the 
vessel in each and coiling them until they could be accommodated on 
the ordinary slide. They traversed many intimal plaques formed by 
hyalinized connective tissue or collections of fat-laden mononuclear 
cells typical of arteriosclerosis. 

The media presented a variegated appearance. At intervals the 
fibrillar structure was in good part obscured by a diffuse and pro- 
nounced cellular infiltration. The great majority of the cells were 
small lymphocytes, but plasma cells (studied with the orcein-Giemsa 
and methyl green-pyronin stains) and an occasional polymorphonu- 
clear leukocyte were present as well. An unusual finding was the 
presence of several multinucleated giant cells of the foreign body 
type sometimes surrounding refractive fragments which in some in- 
stances stained as elastic fibers. None of these cells showed a pre- 
dilection for the perivascular zones nor were they any more numer- 
ous in the outer or the inner portion of the media. 

In the areas so involved the fate of the fibers could not be deter- 
mined with the hematoxylin and eosin stain. A combination of the 
Weigert elastic tissue and Van Gieson connective tissue stains 
showed a surprisingly mild degree of destruction. The musculo- 
elastic layer was composed of delicate fibrils and was often indistinct. 
In the inner third of the media the elastic fibers were regularly dis- 
posed and no depletion was noted. In the middle and outer thirds, 
but particularly in the former, there was a moderate thinning out of 
elastic, muscle and collagen fibers, but only small areas completely 
devoid of elastic tissue. The defect was not occupied by collagenous 
tissue, as is so often the case in luetic aortitis, and there was no prolif- 
eration of capillaries to invade the infiltrated portions of the wall. 
No fat was demonstrated in the media by scharlach R staining. 
There was no edema. 

The adventitia was quite normal, failing to show any thickening or 
obliterative changes in the nutrient vessels. Occasionally small col- 
lections of lymphocytes were present, but not often associated with 
arterioles. 

These changes were found at irregular intervals in both thoracic 
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and abdominal portions of the aorta and could not be correlated 
with the degree of intimal sclerosis. Where the cellular infiltration 
was absent or minimal, the continuity of all medial fibers was pre- 
served, but there was sometimes a mucinous degeneration as shown 
by the mucicarmine stain. Fine granules identified as calcium salts 
by the von Kossa stain were disseminated throughout the entire 
medial coat. The amount of mucinous material and calcium salts 
was no greater than is observed in the majority of aortas in this age 
group (Paige and Mott’). 

No organisms of any description could be demonstrated with the 
Gram, methylene blue, carbol fuchsin or Levaditi stains. 

Sections through the carotid, pulmonary, renal and coeliac arter- 
ies failed to reveal similar infiltrations but a reaction quite like that 
in the aorta was found in the common iliac arteries. Since the lesion 
was not suspected at the time of autopsy, studies of other arteries 
could not be made. The medium and small arteries of the viscera 
were normal. 


Case 2. H. O’C., P. H. No. 439,569, autopsy No. 11,935, a white male, 50 
years of age, of non-Jewish heritage, born in Canada and regularly employed as 
a carpenter. Thirty-five years before his entrance into the hospital he had two 
attacks of malaria, for which he received quinine. No recurrences were recog- 
nized. Typhoid fever, pneumonia, scarlet fever, diphtheria, rheumatic fever 
and venereal infection were denied. The consumption of alcohol was said to 
have been slight. No drugs were taken and smoking was confined to a pipe 
conservatively used. No dietary peculiarities were noted. 

The present illness was essentially one of cardiac failure with recurring attacks 
of precordial pain over a period of 1 year. ‘These were sufficiently severe to be 
prostrating at times, and toward the latter part of his illness pulmonary edema 
was pronounced. Medication included luminal, codein, cod liver oil, nitro- 
glycerin, aspirin and ferrous carbonate in the usual dosages. 

Physical Examination: When first admitted the temperature, pulse and respir- 
ation rates were normal. The blood pressure never became elevated. An 
average reading was 120/70. The lungs were clear in the earlier stages of the ill- 
ness but later showed signs interpreted as edema. The heart became consider- 
ably enlarged and a friction rub was heard. The lower border of the liver was 
felt just below the costal margin. 

Laboratory Data: The hemoglobin and red cell count remained within normal 
range. The white cell count varied from 10,000 to 16,000 with a normal parti- 
tion. ‘The usual urine and stool examinations were negative. The blood 
Wassermann reaction was negative. X-rays of the spine were obtained because 
of the complaint of muscle pains and hypertrophic changes consistent with the 
diagnosis of rheumatoid arthritis were demonstrated. In this connection the 
patient was found to have antistreptolysin in the blood, active in a dilution of 
1:320. The electrocardiogram suggested considerable myocardial damage. 
There was a left ventricular preponderance. 
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The course of illness was one of improvement with rest, although there were 
numerous recurrences of cardiac and respiratory distress. Shortly before death 
the temperature rose to 103° F. 


Postmortem Examination 


Autopsy performed 7} hours after death disclosed advanced 
arteriosclerosis of the coronary arteries with occlusion of both 
branches of the left artery by fibrous tissue and yellow plaques. 
Extensive recent infarction involved the wall of the left ventricle 
and the large amount of scar tissue present bore witness to a vascular 
change of long standing. The heart weighed 460 gm. The aortic 
ring measured 7 cm. Incidental findings included a bilateral lobular 
pneumonia, arteriosclerotic scars in the kidneys and hyalinization of 
a few of the pancreatic islands of Langerhans. 

Interest again centered about the changes in the aorta which 
closely simulated those in the previous case. No tortuosity was 
noted but the elasticity was patently reduced. There was no dilata- 
tion. The circumference after fixation was: ascending aorta 7.6 cm., 
midportion of the arch 6.4 cm., midthoracic region 5 cm., and mid- 
abdominal region 4.4 cm. The intimal changes were minimal but 
bright yellow, slightly raised plaques and gray fibrous areas of 
thickening were present, predominantly in the abdominal aorta. 
Calcification was found only at the site of the obliterated ductus 
arteriosus and there was no ulceration. On close inspection fine 
linear wrinkling could be discovered in three small areas, two above 
and one below the level of the diaphragm. 

On section the media appeared to be quite regular and normal in 
width and no gross degeneration was noted. The vasa vasorum were 
not prominent in the medial coat. The adventitia was not thickened. 


Microscopic Examination 


The microscopic appearance of the aorta was even more striking 
than in the preceding case. Similar stains were employed in the 
study of cells and fibers and sections were made which included the 
entire length of the vessel as described above. 

The intima was either of normal width or thickened by fibrous 
tissue showing occasional degeneration, such as is seen in the deeper 
portions of arteriosclerotic plaques. ‘The media was not reduced in 
width at any point. The cellular infiltration was diffuse and almost 
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uniform throughout the length of the aorta. Plasma cells were rela- 
tively more numerous and multinucleated giant cells less conspicu- 
ous than in the previous case. The latter cells often contained re- 
fractive bits of material which sometimes took the stain for elastic 
tissue. On the whole, there was no increase in the vascularity of the 
media but at times small vessels of capillary caliber penetrated the 
entire width of this coat. 

Although the cellular infiltration was more pronounced than in the 
previous case, degeneration of elastic fibers was either only moderate 
or entirely absent. Where present it occurred in any part of the 
media but more often was found in the middle third. The intact 
elastic fibers were moderately wavy and regularly disposed. At no 
point was scar tissue found in the media, even in areas where there 
was some depletion of elastic fibers. The adventitia was uniform in 
thickness. There was no additional collagenous tissue and changes 
in the nutrient vessels could not be found. 

A moderate cellular infiltration was found in the iliac and carotid 
arteries, but the renal and pulmonary arteries were normal. The left 
coronary artery was occluded by fibrous tissue thickening of the 
intima and the media showed only the reduction in width customary 
in such lesions. The visceral arteries were not significantly altered. 


DISCUSSION 


The aortic lesion encountered in these 2 cases is a chronic inflam- 
matory infiltration of the media with minimal degeneration. The 
intima and adventitia were not involved and no changes could be 
detected that seemed to be dependent on the medial reaction. 
Although the cellular invasion was extensive and most striking, the 
gross alterations of the aorta were insufficient to allow recognition of 
the lesion without microscopic study. The loss of elasticity can 
scarcely be ascribed to the medial changes since this is a more 
common finding in elderly persons. Although dilatation of the aorta 
was suspected in 1 case by X-ray, this observation was not cor- 
roborated by actual measurements of the vessel. 

There would seem to be no clinical manifestations of this aortic 
lesion. No facts in the past history were ascertained suggesting a 
previous acute infection in the aorta. In the 1st case clinical ob- 
servers were totally unaware of any damage to the cardiovas- 
cular system. The 2nd case presented the picture of progressive 
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cardiac failure, but this could be referred entirely to sclerosis of the 
coronary arteries and myocardial infarction. The blood pressure 


was not elevated in either case. Unfortunately readings were taken 


only on the upper extremities so that no information is at hand con- 
cerning the maintenance of the pressure throughout the entire 
aorta. 

In neither case was there clinical evidence that an infection was 
present in the body, except as terminal complications of pneu- 
monia and suppurative nephritis. The temperature of each patient 
was normal on admission. No abnormal cells appeared in the 
blood, although 1 case, with infarction of the heart, persistently 
showed a slightly elevated white blood cell count. The erythrocyte 
sedimentation rate was moderately elevated in the case in which 
myocardial infarction was present. It was not recorded in the other 
case. 

No clue as to the etiological factor has been gained by morpholog- 
ical studies or by review of the literature. Degenerative and in- 
flammatory changes in the aorta caused by a variety of agents have 
been described. They are all sufficiently unlike those observed in 
our 2 cases to justify placing the latter in a distinct category. 

The lesion is readily distinguished from the ordinary medial necro- 
sis of the aorta described by Erdheim* and others. The typical de- 
generation classified under this group shows an alteration of the 
interstitial tissue with the production of a basophilic substance, 
staining like mucin, and in the more advanced cases depletion of 
fibers, cystic formation or longitudinal splitting through the wall. 
There need be little scar tissue and the intima and adventitia are not 
involved, features which liken the Erdheim necrosis to the lesions in 
these 2 cases. However, the difference in degree and character of the 
cellular infiltration is a striking one, and in the cases reported here 
the degeneration is so mild that it is largely obscured by the massive 
accumulation of inflammatory cells in the media. 

The lesion is decidedly reminiscent of a syphilitic aortitis but 
there are many factors in which the two conditions are quite dis- 
similar. In these 2 cases no significant changes could be detected on 
macroscopic examination, even after the nature of the medial in- 
filtration was known. ‘The intima presented none of the ditfuse 
irregular thickening and deep crevices associated with a luetic in- 
fection. Furthermore, alterations were found in various parts of the 
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aorta and were not limited to the thoracic portion of the vessel, as is 
more often the case in lues. While destruction of elastic fibers in the 
media did appear at intervals, the areas were not converted into scar 
tissue and vascularization of the media was not a feature of any 
prominence. The types of cells invading the wall are in accord with 
those found in syphilis, but in the latter disease they frequently form 
collars about the vasa vasorum and are rarely so uniformly dissem- 
inated throughout the entire media. Giant cells have accompanied 
gummatous degeneration of the aorta but no necrosis was present in 
conjunction with the large cells in these 2 cases. The appearance of 
the adventitia was not that of a luetic aortitis since at no point was 
there thickening, obliterative changes in the nutrient vessels, or peri- 
vascular accumulation of cells. As corroborative evidence, the 
Wassermann reaction in each individual was negative. 

Rheumatic aortitis has been described in a variety of forms 
(Klotz,‘ and Pappenheimer and VonGlahn*), none of which is simu- 
lated by the lesion here discussed. The cellular infiltration of the in- 
tima and subjacent positions of the media with palisades of deeply 
staining basophilic cells with distorted nuclei, as seen in rheumatic 
aortitis, was entirely lacking. Adventitial sclerosis and accumulation 
of typical cells were not found. Other rheumatic lesions were lacking 
in each case and the history suggested in no way that either indi- 
vidual had suffered from this disease. 

Tuberculous foci in the media of the aorta have been present in the 
form of miliary tubercles or, more rarely, as caseous areas, but no 
lesion so extensive has been ascribed to the tubercle bacillus. The 
giant cells present in our cases were not those of Langhans but were 
of foreign body type, and there was not the slightest suggestion of 
tubercle formation. Repeated staining with carbol fuchsin failed to 
reveal any acid-fast bacilli. 

A variety of mycotic infections can conceivably stimulate such a 
cellular response but no fungi could be identified in the wall of the 
aorta or in any of the viscera. 

It has occurred to several pathologists studying these cases that 
they may represent the chronic phase of an infectious process such 
as that repeatedly described in the literature as acute aortitis. Influ- 
enza is sometimes accompanied by arterial thrombosis, thought to 
be secondary to bacterial invasion of the wall. The lesion described 
by Marmorstein® in a young female dead of influenza was confined to 
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the aortic intima over an area about 1.5 cm. in diameter and could be 
in no way related to the lesion under discussion. Kuskow’ describes 
only endothelial changes associated with influenzal infections. 

The streptococcus has received considerable attention in relation 
to alterations in the arterial system, both as isolated case studies and 
in animal experimentation. Clawson’ obtained an arteritis, involv- 
ing all coats, by injecting Streptococcus viridans from the blood of 
patients with rheumatic fever into rabbits and monkeys. The 
changes were likened to the rheumatic lesions in man and were not 
those of a possible forerunner of the lesions found in these 2 cases. 
Benson ef al.,° on the other hand, produced thickening and scarring 
of the intima, and a mild cellular infiltration of the adventitia and 
media of rabbit aortas with injections of streptococci, but the lesions 
were not suggestive of those described above. 

The streptococcus is of particular interest since in 1 of the cases a 
high antistreptolysin titer of the blood was present and a clinical 
diagnosis of rheumatoid arthritis was made. There have been 
numerous case reports of focal purulent response in the aorta associ- 
ated with systemic streptococcal infection, usually occurring in a 
single isolated area and thought to follow the introduction of organ- 
isms via the vasa vasorum or by means of septic emboli lodged on 
the intimal surface. We are unable to find a reported instance of 
diffuse phlegmonous mesarteritis in an acute streptococcal disease. 

Brody and Smith! reviewed the pathology of 44 cases of scarlet 
fever and 15 cases of possible scarlet fever with the finding of aortic 
changes in 1 case alone. The capillaries of the adventitia of the aorta 
are described as having a border of mononuclear cells. No medial 
infiltration was noted. 

The effect of diphtheria toxin on the arterial system of the rabbit 
has been investigated and reviewed by Duff," who found a purely 
degenerative lesion in the aorta unaccompanied by inflammatory 
change. There was occasional calcification and he likens the lesion 
to the Ménckeberg sclerosis in man. 

An acute arteritis occurring in typhoid fever has frequently been 
observed, with thrombosis and subsequent gangrene of extremities. 
The extensive literature on this subject is presented by Ophiils.” 
The affected artery is almost always a small one and a pronounced 
infiltration of the aorta is not described. MacCallum," in discussing 
the rdle of infections in the pathogenesis of arteriosclerosis, describes 
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the presence of atheromatous deposits in the intima in a large pro- 
portion of typhoid cases in youth but does not record inflammatory 
changes in the media. 

The possible later developments in typhoid fever were investi- 
gated by Thayer, who concluded that arterial thrombosis was 
present because of an underlying arteritis, but this statement is not 
substantiated by histological studies. 

Pneumonia caused by the pneumococcus has been accompanied 
by acute infections in the arteries, either in the form of small pyo- 
genic foci in the aorta, or in the smaller arteries with thrombosis 
(McGregor, and Ophiils ). The gonococcus has also been present 
in circumscribed acute infections of the aorta (His "), but has never 
been found with extensive involvement of the aorta. 

Localized ulceration, gangrene and perforation of the aorta follow- 
ing infection by B. anthracis were described in a single case report 
(Oliver 7). In our own laboratory B. pyocyaneus was responsible 
for an acute secondary involvement of a calcareous aortic plaque 
and the media beneath this plaque was moderately infiltrated with 
polymorphonuclear leukocytes; there was no inflammatory reaction 
elsewhere in the aorta (Fish, Hand and Keim"). 

A review of the autopsy findings in a large variety of infectious 
diseases by Wiesel’? includes aortic lesions, notably medial necrosis 
and edema, but no cellular infiltration accompanied the degeneration 
and the lesions were usually circumscribed. 

Lacking evidence that organisms throughout the media of the 
aorta initiated the process, which we found as a chronic inflammation 
and mild degeneration, it is inviting to consider the possibility that a 
purely allergic reaction is responsible for the entire change. Seegal 
et al.”° described an intense inflammatory reaction in the pericardium, 
myocardium and intrapericardial portion of the aorta in sensitized 
rabbits following intrapericardial injection of the homologous anti- 
gen. The aorta in most instances showed some edema, hemorrhage 
and cellular infiltration in the adventitia. There were also subendo- 
thelial collections of polymorphonuclear leukocytes which, in 1 case, 
extended through the inner half of the wall. When the animals were 
allowed to live longer after the injection, the polymorphonuclear 
leukocytes were largely replaced by lymphocytes and mononuclear 
cells. No organisms were found. 

The objections to such a theory, when applied to our cases, are 
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patent. The Arthus phenomenon, as described by many, is an in- 
tense local response at the site of the injection and it is difficult to 
conceive of a possible portal of entry of a specific antigen which 
would extensively damage the media of the aorta without intimal or 
adventitial injury. Furthermore, no positive information regarding a 
mode of sensitization can be gained from a review of the history in 
either case. Such an interpretation would be based on pure supposi- 
tion. 

There are numerous chemical substances that are known to affect 
the aorta in animals. Caution must be used in interpretation of re- 
sults obtained by experimentation, since they may be quite unique 
and not at all comparable to the effect of the toxic substances in 
man. Saltykow” describes the lesions produced in rabbits with 
epinephrin by several investigators. They are usually confined to the 
media and are characterized by necrosis, scarring and calcification. 
Again, inflammatory changes are minimal. Saltykow also reviews 
the work of Fischer who injected hydrochloric acid, phosphoric acid, 
lactic acid, calcium phosphate, potassium bichromate, uranyl ni- 
trite, chloralamide, mercuric chloride, phlorizine, trypsin, pepsin, 
iodothyrine, mamma siccata and sodium chloride, obtaining medial 
lesions but less regularly and not of such a notable character as with 
epinephrin. The calcification of the media is again a prominent 
feature and no mention is made of cellular response. 

Uranium was found to exert a similar effect by Dominguez,” when 
injected alone or with lead, radium or vanadium, but the latter alone 
were inert as far as arterial lesions are concerned. The effects again 
consisted of medial calcification and were quite distinct from the 
type of response in our 2 cases. 

The extensive literature on intoxication by heavy metals, alco- 
hols, tobacco, the halogens, coal tar derivatives and radioactive sub- 
stances was searched for the production of a medial infiltration or 
degenerative change in the aorta, without success. The lesion is not 
reported in man or animal associated with the toxic substances 
investigated. 


SUMMARY 


Two cases presenting diffuse changes in the media of the aorta 
which do not conform to any recognized type of aortitis are de- 
scribed. They consisted briefly in extensive cellular invasion of a 
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chronic inflammatory nature with little degeneration of the elastic 
fibers and no scar formation. The intima and adventitia were not 
involved. Bacteria were not demonstrated. The medial alteration 
produced no characteristic changes in the aorta that could be recog- 
nized on gross examination. There were no demonstrable clinical 
manifestations. The histories yielded no clue as to the etiological 
agent. The literature on medial changes in the aorta is reviewed. 
No comparable lesion was found. 
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DESCRIPTION OF PLATES 


PLATE 54 


Fic. 1. Case 1. Diffuse infiltration of the media of the aorta, showing two 
foreign body giant cells. x 170. 


Fic. 2. Case 2. Similar diffuse infiltration of the aortic media. x 110. 
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PLATE 55 
Fic. 3. Weigert-Van Gieson stain showing slight disruption of elastic fibers at 
the site of infiltration of the media. x 250. 


Fic. 4. Orcein-Giemsa stain showing plasma cells and lymphocytes between 
elastic fibers. x 1050. 
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